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ABSTRACT 
The purpose of this investigation was to establish the role of project work in the teaching 
of biology. Questionnaires were sent to biology teachers and judges of a project 
competition. Participants of this competition were asked for positive and negative 
aspects of project work. Teachers indicated that the entire range of objectives of 
biology teaching can be achieved by project work. Judges of Expo felt that most of the 
objectives were achieved. Pupils expressed similar sentiments. However, teachers felt 
that... 
(a) there were several factors which limited the use of project work as a 
regular teaching strategy. 
(b) objectives concerned with inquiry skills, attitudes and values were difficult 
to achieve in normal classroom teaching. 
It is therefore, imperative that educational authorities do all they can in promoting project 
work as a teaching strategy in biology. 
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CHAPTER ONE 
ORIENTATIVE INTRODUCTION 
1.1 INTRODUCTION 
The wish to educate every citizen is at the foundation of South African 
democracy (Draft White Paper, 1994 : 23). Eradicating the legacy of 
apartheid and building a democratic future from which race and gender 
discrimination have been completely eliminated are challenging goals of 
the government's Reconstruction and Development Programme (RDP). 
However, achieving these goals require educators not just to undo the 
damage inflicted by South Africa's past on its education and training 
system but to rethink,' amongst other issues, the subject curricula 
teachers teach and the teaching strategies they employ. According to the 
Draft White Paper (1994: 12) the subject curriculum "should promote the 
values underlying the democratic process and should encourage critical 
thought, the capacity to question, enquire and reason, to weigh evidence 
and form judgement, to achieve understanding and to recognize the 
provisional and incomplete nature of most human knowledge." The 
message is thus clear: If South Africa is to survive and prosper in this 
interdependent world it certainly needs a citizenry which is conscious of 
the world in which they live and one which can respond intelligently to 
challenges and opportunities in everyday life as well as global concerns. 
The education and training system of South Africa must therefore change. 
"It cannot be business as usual in our schools, colleges, technikons and 
universities" (Draft White Paper, 1994 : 4 ). Thus the time to reconstruct 
and develop South Africa is now and everyone in education and training 
has been invited to contribute to the "creating of a system which cultivates 
and liberates the talents of all our people without exception" (Draft White 
Paper, 1994 : 4). To create such a system will be no small task in the 
years ahead but there is no more important political contribution to be 
made to South African democracy and to the world community of which 
South Africa is part. 
1.2 FACTORS LEADING TO THE STUDY 
Events of the 1990's in South Africa such as the election of a democratic 
government, provision of education and training to all its people, gender 
equality, etc., demand a major overhaul of today's subject curricula, a 
rethink of teaching strategies to equip pupils to better understand 
themselves, their relationship to other people, cultures and nations and 
to educate pupils for the workplace of the 21st century in a 21st century 
setting. The challenge is to produce well rounded individuals capable of 
meeting new and changing demands. This means that more emphasis 
must be placed on thought processes and observational skills than on the 
memorization of "dead facts and theories" isolated from the context in 
which science is taught. Science is and must be taught as a way of 
conceptualizing and interacting with the world (Pickard, 1988 : 342). If 
teachers are preparing pupils in South Africa for a rapidly changing world, 
is true, then it becomes imperative that they investigate and address the 
demands of the future world {Opie, 1986 b:45; Slabbert, 1990:66; 
Watson, 1990:46). 
How these demands will affect the lives of individuals in the 21st century 
is yet to be seen but what is absolutely clear is that it will ultimately be the 
multitude of classroom teachers and not researchers who will determine 
whether pupils are being prepared for the next century. This is so 
because teachers at schools have the greatest degree of organisation to 
bring about desired changes in the learner (Isaac, 1990:20). Old 
traditions, old beliefs and old prejudices have therefore to be set aside as 
educators begin this mammoth task of rethinking and redesigning biology 
curricula and teaching strategies. 
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The following factors prompted this investigation: 
(a) The threefold nature of science· 
Biology, as a science is made up of three components namely, the 
body of accumulated information (the products), the way in which 
this information was obtained by scientists (the process) and the 
way of life of the scientist (Isaac, 1990:52-53). There exists a very 
close relationship amongst these three components. The product 
owes its existence to the process. The process would be 
impossible and pointless without the product. (Voss and Brown, 
1968 : 62). Both product and process would be impossible without 
the "initiative, energy, boldness, dynamism and intrepid drive ... of 
the men and women of each generation who devote their lives to 
the pursuit of science" (Woodburn and Obourn, 1965 : 12). 
Biology, as a science, therefore cannot be· regarded only as a body 
of accumulated information. This idea has to be banished 
(Farmer and Farrell, 1980: 254). In an attempt to heed the call for 
a process orientated approach to biology teaching, educators 
(Yager, 1982 : 328-338; NEPI, 1992 : 9; Ayerst, 1994 : Appendix 
1 C) emphasize the use of the inquiry approach. 
However, intensive studies have failed to find that this approach 
has been implemented in many of the classrooms in South Africa 
and abroad (Jackson, 1983 : 39; Degenaar, 1986(a) : 44-47; 
Slabbert, 1990: 75; Watson, 1990: 49; Isaac, 1990: 265; NEPI, 
1992: 2; Sanders, 1993 : 82; Yager and Huang, 1994 : 98). Zaimi 
et al. (1994: 105) describes the typical laboratory exercise as one 
rather designed to illustrate an important technique or principle 
than pose a problem. According to Matlock (1994/1995 : 168) 
pupils in a laboratory start out knowing the answer, since the 
material had already been explained in a pre-practical session. 
3 
They spend the entire time seeking to prove the teacher right This 
is not science the way the practising scientist experiences it. The 
excitement, the curiosity, the opportunity to guess, to be wrong and 
start over again is lacking. Moodley's (1971 : 273-274; 1980: 
319-320} Peter's (1975: 166} and Isaac's (1990:265} research on 
the teaching of biology in former Indian schools in South Africa 
indicate that inquiry work is frequently centred on verification of 
something known. It is still seen today as a thriving practice in 
many classrooms. The nature of biology, i.e. science as product, 
science as process and science as a way of life of a scientist, is 
thus ignored. 
Biology teaching, therefore does not address the aim concerning 
the development of inquiry skills. These skills do not develop in 
passing, but rather explicit and deliberate efforts are needed in 
order to develop them (Voss and Brown, 1968 : 18; Zahar and 
Tamir, 1993: 136}. Planning too many verification exercises in the 
teaching of biology should therefore be reduced and emphasis on 
the content of biology to the explusion of its processes should also 
be discouraged. Approaches that plunges pupils into the vibrant 
world of original research which gives them practise in critical 
thinking, experimental design, public communication and writing 
should replace the standard biology laboratory which presently 
does little to spark the thrill of scientific investigation (Stager, 1994 
: 91 }. Any teacher with a sense of adventure and a willingness to 
say "I don't know, lets find out" can turn their laboratory into a 
place of discovery (Stager, 1994 : 93} and reinforce Schwab's 
suggestion (1966: 521) that "the laboratory is easily converted to 
enquiry .. . by having the laboratory lead rather than lag the 
classroom phase of science teaching." 
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(b) The biological nature of South Africa's problems in the 21st 
century 
Environmental deterioration in South Africa and the whole world 
has been recognized, but although a lot is being done, little 
success is achieved. Urban areas have to tolerate pollution, solid 
waste disposal problems, litter, noise and stress-induced illnesses 
of all kinds, while rural areas continue to experience soil erosion, 
deforestation, declining crop yields and water shortages (Opie, 
1986 b : 43). Underlying these problems are the growing human 
population and the increasing rate of technological development 
(Opie, 1986 b : 43; Slabbert, 1990: 65). The demands of the 
growing population and technological development results in 
humans changing the natural environment to create a new 
environment (Slabbert, 1990 : 65). As a result the balance of 
nature is upset. The loss of biodiversity, the creation of desert 
areas, the salinisation of the soil, decrease in fertility and the 
declining crop yield are some negative consequences of upsetting 
the balance of nature. Such problems face South Africa today and 
tomorrow (Slabbert, 1990 : 65). It therefore seems that some of the 
biggest problems of South Africa are of a biological nature (Opie, 
1986b : 45; Slabbert, 1990 : 66; Watson, 1990 : 45). Watson 
( 1990 : 45) is of the opinion that the problems which relate to 
population numbers and the ability of the land to support consumer 
patterns and demands are "central to this country's further 
development" and that "no government is going to succeed in this 
country without facing these issues." 
With this in mind it is vital that all South Africans, especially biology 
teachers and biology pupils, even if biology will hold no special 
relevance for them career-wise, acquaint themselves with 
environmental problems and seek to generate strategies that 
5 
develop life skills needed in these solutions. Under these 
circumstances it is evident that teachers cannot adopt teaching 
strategies that entail "brute information transfer'' (Siebert, 
1994/1995 : 156). Environmental issues need to be addressed 
head - on in our classroom. Loubser ( 1993 : 41 ) states that since 
biology teachers usually know more about the environment than 
many other teachers, they should take the initiative and actively 
promote the teaching of environmental issues. Also since most 
adults and children learn best with concrete hands-on experience 
(Hall, 1994/1995 : 195) and because many educators have come 
to believe that the types of problems found in daily life make good 
starting points for learning (Zaimi et al. 1994 : 106) local 
environmental issues provide an excellent arena for inquiry based 
hands-on learning of science process skills. 
Undertaking simple investigative project work concerning 
environmental issues even on a very small scale because of the 
present constraints of the educational system, may in the 
researcher's opinion make a very small contribution but certainly 
a worthwhile one in providing pupils, teachers and the community 
an opportunity to enhance their knowledge about the natural world, 
its processes and the importance of everyone's role in actively 
shaping a cleaner, healthier future environment in South Africa. 
(c) The tentative nature of biology as a science and the influence 
of the Senior Certificate Examination 
From the comments made by various writers e.g. Matlock 
(1994/1995:167); Sanders (1993:82); Isaac (1990:321 ); Slabbert 
(1990:67); Degenaar (1986:47) and Jackson (1983:49) it seems 
that many pupils do not understand the true nature of science as 
a dynamic ongoing and tentative search. According to Moore 
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(1993b : 4) there are no final answers and there is always 
something new to be discovered because "many of our facts are 
tentative and much of the truth we teach could be overturned 
tomorrow by new evidence, arguments or interpretation." The 
science of biology therefore thrives on uncertainty. Consequently 
there may exist disparity between the theory model and reality. 
This understanding of the tentative nature of science will only 
develop if it is approached as a search and not the solution 
(Padilla, 1980:604). However, calls to teach biology as a tentative 
study has still not materialized to a great extent. This is evident by 
Matlock's (1994/1995: 167) description of some American biology 
educators of today, i.e. "relates "Truth" and later bemoans the 
students' inability to integrate and use it". In South Africa 
Jackson's (1983: 49), Degenaar's (1986(a): 47), Slabbert's (1990 
: 67), Isaac's (1990 : 321) and Sanders' (1993 : 82) research 
indicate that free inquiry i.e. the freedom of an individual to study 
whatever is of interest or question any authority is lacking; 
Jackson (1983 : 49) puts the blame entirely on the Senior 
Certificate Biology Examination. Degenaar (1986(a): 47) is of the 
opinion that the basic problem is in the day to day teaching and not 
only on the external examination. Slabbert (1990 : 67) cites 
examination practices, the excessive academic nature of the 
syllabii and preparation of students for entrance to universities as 
constraints on the development of free inquiry. Isaac (1990 : 321) 
and Sanders (1993: 82) indicate that the Senior Certificate Biology 
Examination has a stranglehold on what is taught and how it is 
taught. Moreover, many of the teachers in Isaac's and Sanders' 
research have stated that the measure of a job well done is the 
percentage of pupils who obtain a successful rating in an 
examination. Teachers are also of the opinion that the 
examination is ''forcing them to use undesirable teaching methods" 
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Biology teaching is therefore largely a matter of mastery of 
knowledge, memorizing new vocabulary and trying to understand 
complex diagrams. Classroom teaching is designed to have only 
one acceptable and correct answer. Certainty is thus preferred to 
uncertainty. Moore (1993b : 4) points out that "there's no limit to 
people's gullibility when the alternative is uncertainty". The rule of 
custom and rituals which help people cope with uncertainty 
(Moore, 1993b : 4) is more important than reason, rationality and 
critical thinking (Ost and Yager, 1993: 283). In view of the future 
and the demands and challenges of the 21st century, the stressing 
of blind faith and developing "closed-minded" pupils will certainly 
do no justice to the tentative nature of biology as a science nor to 
the pupils. 
d) Attitudes, abilities and skills of first year tertiary students 
A surprisingly large number of college students believe that biology 
has nothing to do with their lives (NEPI, 1992 : 2). Many noted that 
science subjects are "usually bogged down with jargon, symbols, 
arithmetic metaphors, equations, mathematic computations and 
analytical thought processes" which discourage them (Yager and 
Huang, 1994:98). Similar sentiments were expressed in the NEPI 
document where it was stated that "the general perception of 
science which is held by teachers and students alike is that of an 
inaccessible subject which has little application to their lives and 
little if any relationship to the world of work" (NEPI, 1992 : 2). It 
therefore seems that the biology learned at schools does not 
improve pupil's lives and also does not allow them to cope with an 
increasingly technological world. Merely "covering" material of the 
"outmoded, academic, content-driven" syllabus (NEPI, 1992 : 2) 
does little to help them develop the life-long learning skills, i.e. the 
ability to think critically and communicate effectively. This view is 
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reinforced by a statement made by an anonymous writer, i.e. 
educators do a poor job at teaching pupils to think critically and 
communicate effectively (Moore, 1993a: 261). Watson (1990: 45) 
says the following of the British educational system : " ... (it) was 
producing students who were skilled at being "scholarly" and not 
skilled at using their knowledge in the daily activities which were 
required if one was to live a normal and useful life in society at 
large." Not only have tertiary students, teachers and researches 
expressed problems with the current biology curriculum but also 
lecturers of tertiary institutions. The lecturers of the botany and 
zoology departments at the University of Witwatersrand (Sanders, 
1990 : 11) and the members of the botany and zoology syllabus 
committees of Springfield College (meeting held on 24 October 
1994 at Springfield College) also express deep concern about the 
abilities and skilis of the biology matriculants. The lecturers at 
Witwatersrand find their students to be demotivated and 
disinterested about biology and learning. Students at 
Witwatersrand lack higher order cognitive skills and the practical 
skills. one expects in biology scholars (Sanders, 1990 : 11 ). 
Discussions at a syllabus committee meeting of the botany and 
zoology syllabus committees of Springfield College of Education 
held on 24 October 1994 indicated that first year students at 
Springfield College of Education and at University of Durban 
Westville are also not prepared for the rigors of the course. It has 
been suggested by these tertiary personnel that the methods of 
teaching amongst other constraints may have contributed to this 
state of affairs. Thus the responsibility of the school as advocated 
by Degenaar (Ost and Yager, 1993 : 282)" to teach skills that will 
enable pupils to access information on any subject that is 
intellectually engaging" is not being achieved. Scientific literacy in 
the South African society is therefore on the decline. This means 
that future scientists, science educators, skilled and semi-skilled 
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workers will probably come from the ranks of those who have been 
identified as being scientifically illiterate. 
From the discussion of the factors that prompted this investigation it is 
evident that there exists serious problems with the current school biology 
system. The suggested aims of biology teaching and approaches to the 
syllabus are not being achieved. Implementation of these approaches 
and achievement of the aims are not simple tasks but whatever the 
constraints of the system are, it is imperative that solutions be found 
within the constraints. It therefore behoves educators (not just biology 
teachers) to prepare their pupils during class time to develop life-long 
skills. In the light of this, the researcher feels that the biology class does 
provide a perfect venue to teach critical thinking and effective 
communication. Investigative project work as a biology teaching strategy 
could help to develop such skills. 
1.3 THE PROBLEM 
The NEPI document (1992), findings of the Foundation of Research 
development, FRO (1993) and research studies· by South African 
educationalists viz. Jackson (1983), Slabbert (1990), Watson (1990), 
Isaac (1990), Sanders (1990, 1993) and Ayerst (1994) highlight the 
following issues concerning secondary school biology education in South 
Africa. 
(a) Biology had the highest enrolment rate between the years 1986 -
1990. See Table 1 (FRO, 1993:7). 
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TABLE 1. 1 : Recent enrolment for senior certificate examinations in 
mathematics, physical science and biology at all levels (FRO, 
1993:7). 
TOTAL STD. 10 PUPILS 1986 1988 1990 
181632 249642 313592 
% % % 
MATHEMATICS 52,0 44,5 36,4 
PHYSICAL SCIENCE 31,0 25,1 22,4 
BIOLOGY 75,3 78,4 75,8 
(b) On average 84 % of African pupils, 56 % of White pupils, 84 % of 
Coloured pupils and 80 % of Indian pupils enrolled for biology for 
the period 1986-1990- See Table 1.2 (FRO, 1993:10). 
N.B. Although the classification by ethnic group is reminiscent of the apartheid era, 
it is used as an artificial way of distinguishing between various communities. It also 
helps to point to some meaningful implications of differences and inequalities for the 
different groups. Information is therefore given for Whites, Coloureds, Indians and 
Africans according to the way used in the FRO report of 1993. 
TABLE 1.2: Standard 10 biology enrolment by population group (FRO, 
1993: 10) as percentage of population group in standard 10. 
1986 1988 1990 
WHITE 54,1 57,7 57,2 
COLOURED 82,3 85,0 86,2 
INDIAN 79,8 82,5 77,5 
AFRICAN 87,8 87,2 80,8 
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(c) The average pass rate for biology for White, Coloured and Indian pupils 
for years 1988-1990 was 87 % while that for African pupils was 14 % in 
1988 and 29 % in 1990 - See Table 1.3 and 1.4 (FRO, 1993 : 13, 108). 
Table 1.3: White, Coloured and Indian Senior Certificate Examination results 
for Biology - (Source: FRO, 1993). 
ENROLMENT 1988 1990 
TOTAL 71286 72145 
TOTAL BIOLOGY PASSES 61184 64128 
% PASSES 85,80 88,9 
Table 1.4: African Senior Certificate Examination results for Biology -(FRO, 
1993: 108). 
ENROLMENT 1988 1990 
TOTAL 124372 165535 
TOTAL BIOLOGY PASSES 16980 47550 
% PASSES 13 7 28,7 
NOTE 
(i) 1988 data does not include the self-governing states. 
(ii) Enrolment figures do not include Gazankulu Education Department for 1988. 
Oii) 27882 passes out of the total passes i.e. 47550 in 1990 were downgraded passes i.e. 
standard grade passes as the result of students failing on higher grade, but being passed 
on stan~ard grade. This constituted 17 % of all passes in biology in 1990. 
(d) Teaching styles in African schools are mainly expository. Factors 
that have contributed to this situation include the high teacher-pupil 
ratio, lack of laboratories/inadequate laboratories or staff to use 
them properly, lack of resources/ inadequate resources, 
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under-qualification of teachers or situations where qualified 
teachers are called upon to teach biology which is a subject 
outside their area of expertise, the academic content-orientated 
syllabii and textbooks which are heavily loaded with facts (Magi, 
1993:43; FRO, 1993: 8, 13). 
(e) Teaching styles in other schools i.e White, Coloured and Indian, 
also centre mainly around the expository ways of teaching. The 
Senior Certificate Examination in Biology which reinforce mainly 
memorisation of facts have a stranglehold on what is taught and 
how it is taught (Jackson, 1983:49; Slabbert, 1990:67; Isaac, 
1990: 321; NEPI, 1992:4 Sanders, 1993:82 & Ayerst 1994: 
Appendix 1 C) 
(f) Laboratory work and experimentation is not done, even in those 
African schools which have laboratories (NEPI, 1992:4). 
(g) Many of the biology matriculants that enrol at tertiary institutions 
lack high order cognitive skills and practical skills (Sanders, 
1990:11 and NEPI, 1992:4). 
(h) The failure rate of first year science university students is high 
(NEPI, 1992:4) 
From the highlights of secondary school biology education the following 
is apparent: 
(a) Biology is a popular choice of many secondary school pupils (FRO, 
1993:7). 
(b) There is a vast gap between the education of the average African 
pupil and the other groups in terms of qualifications of teachers, 
teaching methods, school and laboratory facilities, resources, class 
sizes and passes in biology in the Senior Certificate Examination 
(NEPI, 1992:2-4; FRO, 1993:8, 13 and Magi, 1993:42). 
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(c) The teaching of biology in many schools does not reflect the 
threefold nature of biology i.e. the product, the process and the 
way of life of the scientist (Slabbert, 1990:67; Watson, 1990:45; 
Isaac, 1990:321 and Magi, 1993:43). 
(d) Rote learning of biological facts by pupils for the purpose of 
regurgitation during examinations is a common practice in many 
biology classrooms (Slabbert, 1990:67; Isaac, 1990:321; Magi, 
1993:42 and Ayerst, 1994: Appendix 1 C) . 
. ( e) The teaching of biology emphasizes the product component of the 
nature of biology. The process skills, attitudes, values, application 
of knowledge and an understanding of the link between biology, 
technology and society is seldom encountered in many biology 
lessons (Watson, 1990:45; Isaac, 1990:321; Magi, 1993:43 and 
Ayerst, 1994 : Appendix 1 C). 
(f) The Senior Certificate Examination in Biology forces many 
teachers to implement methods of teaching that ignore the 
development of a large range of the objectives of biology teaching 
especially those concerned with inquiry, attitudes and values 
(Isaac, 1990:321; Sanders, 1993:82). 
(g) The high pass rate of the other groups of pupils excluding the 
African pupils does not seem to be a true reflection of the expected 
abilities and skills of biology tertiary students especially first year 
students at universities (Sanders, 1990:11 and NEPI, 1992:) 
(h) A large range of the aims and objectives of biology teaching are 
not being achieved. Hence future learners are not being 
adequately prepared to cope with the demands of the 21st Century 
(Watson, 1990:45; Slabbert, 1990:67, 1990:321; NEPI, 1992:4). 
Looking back at the NEPI document, the findings of the FRO and the 
various South African educationalists, it is evident that secondary school 
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education in biology is failing the many pupils who choose it and does not 
form the foundation for those pupils who wish to study in science related 
fields at tertiary institutions, for those who are going to study in fields other 
than science and for those who are not goirig to study at tertiary 
institutions. Huge effort and vast sums of money will be needed to 
improve biology education. However, judging from the numerous 
constraints that would have to be overcome and the magnitude of the 
task, it seems unlikely that free inquiry, development of life-long skills and 
scientific literacy in South Africa could be achieved over a short period of 
time. Major reforms in biology education over a long period, might help 
make a difference. Shorter routes, within the constraints of the system, 
therefore need to be sought to address South Africa's needs in the 21st 
century. 
The problem under investigation thus concerns itself with establishing the 
role that investigative project work could play in achieving a large range 
of objectives of ~iology teaching, especially those concerned with inquiry 
skills, attitudes, values and application of knowledge in daily life. While the 
above appears to be the major problem, other problems come to the fore. 
These sub-problems include the following : 
(a) To what extent, if any, does inyestigative project work put 
"pressure" on the teacher? 
(b) To what extent, if any, does investigative project work demand 
special training skills on the part of the teacher? 
·(c) To what extent do teacher training institutions, school facilities, 
textbooks, laboratory manuals and examinations cater for 
investigative project work? 
( d) Whether investigative project work involves expenses on the part 
of the school, teacher and pupils. 
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( e) Whether investigative project work requires the investment of more 
time in a particular topic and to the school biology curriculum. 
(f) To what extent, if any, is there a gender bias in the performance of 
pupils doing investigative project work? 
1.4 THE HYPOTHESIS 
The biology curriculum as presently structured in the context of the 
present education system with limited facilities, large class sizes and a 
rigid examination system is not conducive to the teaching of biology in an 
investigative way. The result is that a large range of the objectives in 
biology teaching, especially those concerned with inquiry skills, attitudes 
and values are not achieved. These are legitimate objectives and to 
achieve all these objectives a major overhaul of not only the biology 
curriculum but the entire South African educational system is required. 
This is, however, a long term project. Under these circumstances, an 
alternative method to achieve these objectives must be sought in the 
short term. The hypothesis of this study is that investigative project work 
is the alternative that needs to be used on a wide scale at school level to 
help develop a larger range of the objectives of biology teaching, 
especially those concerned with inquiry skills, attitudes and values. 
1.5 AIMS OF THE STUDY 
The aims of the study, drawn up to investigate the afore-mentioned 
problem are listed below: 
(a) Determine the didactic significance of aims and objectives of 
education and teaching. 
(b) Determine the aims and objectives of biology teaching. 
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(c) Determine the meaning of the concept, teaching. 
(d) Determine the influence of the process-led approach and content-
led approach in the teaching of biology. 
(e) Determine the role that expository and inquiry teaching strategies 
especially investigtive project work play in achieving the aims and 
objectives of biology teaching. 
(f) Determine the role that investigative project work play in achieving 
the aims and objectives of biology teaching at standards 8 to 10 
levels in secondary schools in KwaZulu-Natal. 
(g) Determine major factors that adversely affect the use of 
investigative project work at standards 8 to 10 levels in secondary 
schools in KwaZulu-Natal. 
(h) Determine the frequency of investigative project work at standard 
8 to 10 levels in secondary schools in KwaZulu-Natal. 
(i) Determine the target group of pupils for whom investigative 
projects would be most beneficial. 
U) Make recommendations for the incorporation of investigative 
project work at standard 8 to 1 O levels in secondary schools in 
KwaZulu-Natal so that a larger range of the objectives of biology 
teaching can be achieved. 
(k) Discuss implications of the recommendations suggested. 
The research study was limited to Province of KwaZulu-Natal because of 
the shortage of funds. Vast distances would have to be travelled between 
sampled schools which would have required additional funds. 
1.6 RESOURCES USED IN THE STUDY 
Materials used in this study came from the sources 1.6.1 to 1.6.5 listed 
below. 
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1.6.1 Published material 
Books and relevant articles in periodicals and journals were used to 
determine the aims and objectives of biology teaching, current trends 
in biology teaching methods, factors which limit investigative biology 
teaching and the aims and objectives of science competitions e.g. Expo 
for Young Scientists and of educational support services e.g. Durban 
Natural Science Museum, Durban Environmental Education Centre and 
Umgeni Water Project. 
1.6.2 Unpublished dissertations and theses 
Material from previous studies concerning science teaching in general and 
biology teaching in particular, especially in Indian and African secondary 
schools in Southern Africa, was also used. Several dissertations and 
theses proved to be of extremely great value in this regard. 
1.6.3 Bulletins, syllabii, circulars and circular minutes 
Documents from the Republic of South Africa and other countries e.g. 
U.S.A., United Kingdom and Israel were used largely to determine the 
aims and objectives of biology teaching. 
1.6.4 Information supplied by teachers and judges of Natal Expo for 
Young Scientists, in a questionnaire 
The person-to-person questionnaire technique was used to collect data 
for this research study. This planned collection of data for the purpose of 
description or prediction has been highlighted as a significant way of 
generating new information which can be used as the basis for analysing 
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relationships between certain variables and for future planning and action 
(Oppenheim, 1979:1). Butts (1983:189) believes that the survey method 
e.g. the questionnaire can provide clearer documentation on the pupils, 
the science teacher, the classroom, the school and the community. He 
further cites examples of questions where survey research could provide 
essential new information on the primary purpose of science courses and 
the instructional approach to science . 
. The lack of research studies on investigative project work in South African 
secondary schools in biology posed a problem in obtaining literature 
and/or data concerning the South African situation. The use of the 
questionnaire in this study was therefore seen as an appropriate 
technique for soliciting the opinions, regarding investigative project work, 
from a large section of the population of biology teachers, and judges of 
Natal FFS Expo for Young Scientists. 
Two types of.questionnaires were used in this study: one for the biology 
teachers and one for the judges of Natal FFS Expo for Young Scientists. 
Biology teachers were selected because the problem under investigation 
relates to the teaching of biology in secondary schools. The competition, 
Natal FFS Expo for Young Scientists was chosen for four reasons. 
Firstly, it is the largest project competition held in KwaZulu-Natal. The 
second reason is that it is exclusively for school pupils in South Africa. 
This competition also enjoys widespread credibility as can be seen by the 
fact that it draws enterants from White, Coloured, Indian and African 
pupils. Lastly, it has been in existence for a long time. The experience 
and expertise of the judges in the teaching of biology were also seen as 
being vital to this study. Their responses in the questionnaire was to 
acertain investigative project work "in action" in South African schools. 
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The variables included in each questionnaire were divided into two 
sections, viz. Section A and Section B. Provision for additional 
comment/s on the problem under investigation was made by including 
Section C in each questionnaire (See Appendix B 3 and Appendix 03). 
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Section A in all the questionnaires dealt with personal details. In Section 
B the teachers and the students were asked to indicate on a Likert-type 
scale the following: 
(a) The extent of their familiarity with the topics, ''The Nature of 
Biology and Aims and Objectives of Biology Teaching". 
(b) The extent to which investigative project work could be successful 
in achieving each of the 33 biology teaching objectives. 
(c) How often simple ·open-ended practical work/investigative project 
work is done in schools? 
(d) The extent to which the listed factors could adversely affect 
attempts at using investigative project work in secondary schools. 
( e) The . group of pupils that would benefit the most from the 
investigative project method of teaching. 
In Section B in the judge's questionnaire they were asked to indicate on 
a Likert-type scale just the extent to which investigative project work is 
successful in achieving each of the 33 bi~logy teaching objectives. 
1.6.5 Data collected from pupils who attempted investigative projects 
·Participating pupils in Natal FFS Expo for Young Scientists were 
requested to write a story concerning their feelings about investigative 
project work. 
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1.7 ASSUMPTIONS AND LIMITATIONS OF THE STUDY 
1. 7 .1 Assumptions 
(a) The teachers, students and judges responded without bias or 
prejudice to the questions included in their questionnaires. In this 
regard, a letter was attached to the teacher questionnaire, and the 
judge questionnaire explaining why the information was being 
collected. In addition, the preamble to all questionnaires included 
a plea to ensure that teachers, and judges complete them 
independently of their colleagues. 
(b) The pupils requested to write stories were representative of all 
pupils involved in investigative project work in secondary schools 
in the Kwa-Zulu Natal area. In selecting the schools and the 
pupils, provision was made for urban and suburban schools, male 
and female pupils, small and large schools, pupils taught by 
graduates and non-graduate teachers and by experienced 
teachers (more that 5 years of teaching experience) and 
inexperienced teachers (less than 5 years of teaching experience). 
It is assumed, therefore, that the sample of stories written is a 
good approximation of the total population of pupils doing 
investigative project work in the Kwa-Zulu, Natal area and that it 
represents a true reflection of existing investigative project work. 
1.7.2 Limitations 
(a) The results of this study were based on the responses of biology 
teachers and biology pupils. Although the findings may be true for 
the teaching of biology, they cannot be extended to other 
disciplines of science with any degree of confidence and 
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conviction. 
(b) The findings of this study cannot be extended to the teaching of 
biology in all schools in South Africa. Qualifications, training of 
teachers, methods of teaching biology and methods of assessment 
vary widely in schools from province to province. 
(c) The recommendations made in this study are largely theoretical. 
Theoretical implications of recommendations to "real" situations 
may require major changes to the biology curriculum and to the 
entire South African educational system which may be a very long 
termed project. 
1.8 THE STUDY PROGRAMME 
The programme followed in this sudy is described in (a) to (e) below: 
(a) In Chapter 2 the relationship between aims and objectives is 
shown. The value of aims and objectives in teaching is then 
discussed. Thereafter the aims and objectives of biology teaching 
and how they have been derived from the nature of biology as a 
science is discussed in detail. 
(b) Chapter 3 examines the meaning of the concept teaching. 
Thereafter the content-led approach and the process-led approach 
is discussed. 
(c) Chapter 4 examines expository and inquiry teaching strategies. 
Several definitions of the word project follows. Charactenstics of 
project work used in this research study and the place and value 
of investigative projects from a literature survey follows. 
( d) In Chapter 5 the design of the research study is discussed. 
Analysis of the respondents' characteristics follows. 
( e) In Chapter 6 the responses in the teachers' and judges' 
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questionnaires are analysed and interpreted to determine the place 
and value of investigative project work in the teaching of biology. 
Pupils' comments of their ''feelings" about investigative projects is 
also included. An attempt is also made to determine the teachers' 
familiarity about the nature of biology and aims and objectives of 
biology teaching, the factors that could adversely affect 
investigative project work, the frequency of investigative projects 
in secondary schools and the target group of pupils who will benefit 
the most from investigative projects. 
(f) In Chapter 7 the researcher's findings, recommendations to 
improve the teaching of biology and the implications of these 
recommendations are discussed. 
1.9 DEFINITIONS OF TERMS USED IN THE STUDY 
To ensure clarity in communication of ideas, the terms used in this study 
are defined at the outset. The following list is presented in alphabetical 
order. 
Aim 
An aim is more specific than a goal, which is a statement about the 
general purpose and direction of biology teaching. An aim is a broad 
and general statement about the intention of a course of teaching. Aims 
like goals are long-termed. 
Biology 
The subject "biology" as it is offered at secondary schools in the Kwa-Zulu 
Natal area. It is a synonym for the terms "life science" and "biological 
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science" as they are used in Britain and the United States of America. 
Examination 
"A more or less formalised procedure including a series of specific 
questions or tasks used for the measurement of a pupil's attainment i.e. 
the examination is a measuring instrument. The term may be used in a 
generic sense to include the entire range of subjects (e.g. Senior 
Certificate Examination, standard nine examination) or in a specific sense 
(e.g. Biology examination)" (Isaac, 1990:13). 
Investigative project work 
In the context of inquiry methods of teaching it excludes collections (such 
as a collection of insects) and constructions (such as a model of a heart). 
It is characterized by the following: 
(a) A highly responsible form of practical investigation in the study of 
biology, done by the pupil and guided by the teacher. 
(b) Pupil posed with a problem and thereafter involvement in the 
complete inquiry process - assuming, observing, inferring, 
hypothesizing, designing of observation, designing of experiments, 
identifying and controlling experimental variables, testing of 
hypothesis, recording of data (statements, tables, graphs), 
analysing of data (statements, tables, graphs), determining 
accuracy of data, identification of limitations and assumptions, 
drawing conclusion/s and making recommendations. 
( c) Devoid of authoritarian answers to biology questions and answers 
are generally not found in other people's work. 
(d) There may be no answer or solution at all in the end. 
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• 
(e) Formulating of new questions. 
(f) Importance for pupil to identify and accept failure. 
(g) Frequent pupil-to-teacher interaction. 
(h) Frequent pupil-to-pupil interaction. 
(i) Frequent pupil-initiated discussions. 
U) Some kind of end product such as a report in oral or written form 
whereby a pupil gives his/her own information and balanced 
judgements. The information includes a choice and formulation of 
the research topic, choice and description of research procedures 
(methods) and apparatus; the way apparatus have been used, 
results/findings and an appropriate analysis of the research study. 
Methods of teaching, expository 
"Methods of teaching characterised by the following: 
(a) A large proportion of teaching time taken up by the facts, concepts 
and principles "exposed" by step-by-step explanation on the part 
of the teacher. 
(b) Little or no reference to the tentative nature of science. 
(c) Questions mainly designed to obtain responses based on the body 
of information taught. 
(d) Practical work designed mainly to verify information already learnt. 
(e) The use of practical worksheets with detailed step-by-step 
instructions of procedures to be used, precautions to be observed, 
observations to be made, data to be collected and methods of 
recording and analysing data. 
(f) The sharp division of "theory" and practical work. 
(g) Limited or no pupil-to-pupil interaction. 
(h) Lack of pupil-initiated discussion" (Isaac, 1990:14). 
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Methods of teaching, inquiry 
"Methods of teaching characterised by the following: 
(a) Step-by-step explanation limited to a few difficult concepts. 
(b) Frequent reference to the nature of science. 
(c) Questions based on the identification of new problems, postulating 
hypotheses and suggesting experimental design. 
( d) Regular use of experimental data. 
(e) Use of historical documents to illustrate the trials and tribulations 
of the men and women of science. 
(f) Practical work designed to investigate problems the answers to 
which are not already known. 
(g) Practical worksheets largely open-ended, especially with regard to 
the procedures to be used in gathering data and the manner in 
which the data should be recorded and analysed. 
(h) Frequent pupil-to-pupil interaction. 
(i) Frequent pupil-initiated discussions" (Isaac, 1990:14). 
Objective 
A statement of what learners should be able to do, or do better at the end 
of a specified course of study or within the course of a single lesson. 
Practical work 
All kinds of observational, investigative and experimental activities in 
biology teaching. It includes teacher-demonstrations, pupil 
demonstrations, individual or group investigations which may be routine, 
"cookbook recipes" or exercises designed for pupils to discover the 
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answer. 
Theory 
The subject matter part of the syllabus excluding the practical work. 
Scientific literacy 
"An awareness of the processes of science, possession of science-based 
skills, and the ability to make decisions involving everyday science-
matters" (NEPI, 1992:1). 
' 
Senior Certificate Examination 
The external examination conducted for a range of school subjects at the 
standard ten level by any of the ten examining bodies in the Republic of 
South Africa and the surrounding homelands. With reference to biology, 
the examination includes the externally controlled "theory" paper, the 
internally devised and administered assessment procedures which 
teachers use in the standard ten year to measure the performance of 
pupils in practical work in Biology, as well as the external practical 
"control" test (Isaac, 1990: 16). 
Syllabus 
"A document which includes a listing of the subject matter, and the 
practical work to be conducted, in broad outline together with a 
description of the objectives of the course, the approach to be used and 
the examination requirements" (Isaac, 1990: 17). 
27 
CHAPTER TWO 
AIMS AND OBJECTIVES OF BIOLOGY TEACHING 
2.1 INTRODUCTION 
Education is in a period of significant reform owing to the large measure 
of changes that are taking place in South Africa. One of the key goals of 
the democratic South Africa is delivering quality life-long learning to all its 
citizens especially among the historically disadvantaged people. (RDP, 
1994:60). Furthermore, it is envisaged in the ANC document: A Policy 
Framework for Education and Training (1994:84) that the science and 
mathematics curricula will. .. 
(a) provide students with an understanding of the values of the 
sciences, how scientifically informed decisions are made and the 
risks these entail. 
(b) relate to everyday life and include the study of technological 
applications and processes. 
(c) include a balance of physical, biological, earth and environmental 
sciences. 
( d) be accessible and affordable. 
( e) confront gender bias in the curriculum and 
pedagogy. 
However, translating these visions to reality may not be an easy one in 
the short term and can only succeed if the basic needs of the people are 
met, human resources are developed through an appropriate education 
and training system, the economy grows, the state and society is 
democratised and the RDP is implemented (RDP, 1994:7). 
In the light of this and viewing the task positively there exists, in the 
researcher's opinion, opportunities that may allow biology teachers to 
achieve to some extent the above visions of the RDP in the present 
context of education. 
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The focus of this chapter is therefore to examine the aims and objectives 
of biology teaching abroad and in South Africa and attempt to show that 
there exists a relationship between the present aims and objectives of 
biology teaching and those envisaged in the RDP. It is hoped that this 
information maps a way forward toward the transformation and 
reconstruction of the biology curriculum and lead to the opening of access 
to life-tong learning for all South Africans, in the present educational 
context. 
To elucidate the above it is necessary to discuss the following: 
(a) The didactic significance of aims and objectives in teaching. 
(b) The place and value of objectives in teaching. 
(c) Nature of biology as a science. 
( d) Goals, aims and objectives of biology teaching. 
2.2 THE DIDACTIC SIGNIFICANCE OF AIMS AND OBJECTIVES OF 
EDUCATION AND TEACHING 
2.2.1 Goals and aims of education 
Education is not just the mere learning of facts nor the acquisition of 
knowledge but a process attempting to influence the character, abilities 
and capabilities of individuals (Higgs, 1990:4). It can thus be defined as 
a process which brings about intentional changes in the learner (Clark, 
1972: 1 ). These desired changes in learners can only be realised by 
means of teaching which can take place in many institutions e.g. the 
family, the church, the factory, the school, etc. Of these it is the school 
which has the greatest degree of organisation to bring about desired 
changes in the learner (Isaac, 1990:20). 
"If the role of education is to produce changes in learners, then someone 
must decide what changes are possible and desirable" (Bloom, Madaus 
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and Hastings, 1981 :5). The extent to which teaching has been successful 
in bringing about desired changes must also be ascertained. Goats, aims 
and objectives must therefore be developed, implemented and evaluated. 
These goats and aims should take into account the goats and aims of the 
learner if an optimal level of learner engagement in education and 
teaching is desired (Tobin, et al. 1994:49). According to Van Aswegan et 
al. (1993:38) goals, aims and objectives explain why teachers are 
teaching and describes their intentions. However, this should not imply 
that teacher's knowledge and beliefs are the potent forces associated with 
the implemented subject curriculum. They should merely provide 
guidance and direction to teaching as suggested by Isaac (1990:21) and 
Dreckmeyr and Fraser (1991:21). 
The development of goals, aims and objectives is also closely related to 
the "concept of accountability" (Kibler et al. 1981 :3). Education today is 
funded mainly by the masses and they ''want educators to state their 
goals so that it can be seen whether those goats are being 
accomplished". For Kibler et al. (1981 :4) accountability can be 
implemented successfully only if educational goats or objectives are 
precisely identified and stated before instructional programme begins and 
if some reliable measure of effectiveness of instruction in implementing 
these goals is devised". However, while this procedure of first identifying 
goals or objectives before proceeding to activities is logically defensible, 
it is not necessarily the most psychologic;:ally efficient way to proceed 
(Eisner, 1967:257). MacDonald (1965:613-614) points out that objectives 
are only known after the completion of the instructional programme. In his 
view objectives are seen as a device ''which provide initiating 
consequences which become altered in the flow of instruction" 
(MacDonald, 1965:614). 
Although MacDonald's view opposes Kilber's view it must be stressed that 
both views support the belief that goats, aims and objectives form an 
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integral part for effective and successful teaching. Stemming from this 
premise, numerous attempts have been made to develop goals, aims and 
objectives of education and teaching. "Happiness" {Dearden, 1975: 109), 
"mental health" {Wilson, 1975:83), "the education of the whole man, 
"needs of children as well as those of the community" {Devlin and 
Warnock, 1977: 153), "optimal use of talents"' "enjoyment of life"' 
"adjustment to physical and social environment" (Gagne and Briggs, 
1979:4), "living a morally virtuous life", "life-long education" (White, 
1982:132), "effective, independent, autonomous, life long learners" (Van 
Aswegan et al. 1993:36) and "nation building" (RDP, 1994:5) are cited as 
aims of education. 
These long term aims of education are very general and are extremely 
difficult to implement. ~easures to determine whether they have been 
achieved are just as difficiJlt as their implementation (Richmond, 1976:25). 
Because of these difficulties, various attempts have been made to identify 
teaching aims which reflect the broad aims of education (Isaac, 1990:22). 
In South Africa, policy proposal documents such as, A Curriculum Model 
for Education in South Africa (1991) and the ANC Draft Policy on 
Education and Training (1994) state broad aims of education which imply 
teaching aims. 
The document, A Curriculum Model for Education in South Africa (1991 :2) 
has "the progressive development in the learner of a strong and good 
moral character, inherent physical and intellectual potential, occupational 
competence and responsible and useful citizenship" as its overall aim of 
pre-tertiary education. The ANC Draft.Policy Document, (1994:70) state 
three basic learning aims i.e. "application of a skill, both practical and 
intellectual", "understanding the principles underpinning an activity" and 
ability to transfer both the skill and the knowledge to another context". 
The White Paper on Education and Training (1995) re-emphasizes the 
aims proposed in the Draft ANC Policy Document ( 1994) and in the Draft 
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White Paper on Education and Training (1994). It also indicates that 
there is a move to reduce the dichotomy between education and training 
that existed in the apartheid South Africa. It is hoped that this would 
improve the standard of living. These broad teaching aims and learning 
aims, however, are "not specific to assist directly in the creation of proper 
educational experiences" (Lorber and Pierce, 1983:24). They cannot 
serve as meaningful guides for classroom teaching. Therefore specific 
aims derived from these broad teaching aims and learning aims need to 
be identified. But if these are stated in specific details, they tend to 
become too numerous. Therefore Gagne and Briggs (1979:46) state it is 
better to structure education in terms of "subject matters" such as english, 
history, biology, geography, etc. They point out however, that the "subject 
matters" are "gross simplifications" of teaching aims. Each subject may 
serve more than one aim and any one aim may be shared by several 
subjects. Hence a one-to-one relationship does not exist between the 
teaching aims and the subjects. Aims served by the subject are known 
as subject matter aims or syllabus aims. Hence the term aim refers to a 
broad range goal which the teacher hopes to achieve over a long term 
period (Isaac, 1990:23). These goals according to Falk (1974:134) are 
"statements of the philosophical beliefs and assumptions upon which an 
instructional programme is founded. They convey the intent and 
determine the direction of that programme." Similar sentiments are 
expressed by Van Aswegan et al. (1993:55). 
2.2.2 Educational objectives 
Educational aims clarify the purpose of a course (Isaac, 1990:23). 
However, they need to be translated into statements of what learners 
would be able to do at the end of a lesson or educational programme 
(Kibler et al. 1985:2; Isaac, 1990:23; Van Aswegan et al. 1993:43). The 
term educational objective or just objective refers to the "formulation of 
ways in which students are expected to be changed by the educative 
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process" (Bloom, 197 4:26). Other terms, e.g. "instructional" objective, 
"behavioural" objective arid "performance" objective are being used to 
describe educational objectives (Kibler et al. 1981 :2; Lorber and Pierce, 
1983:23). In addition to this a variety of other terms e.g. "general" 
objectives, "specific" objectives, "ultimate" objectives, "immediate" 
objectives, "target" objectives and "drill" objectives are also used. The 
use of varied terminology and also the use of the same term to denote 
different behavioural patterns causes much confusion. Gronlund's 
ultimate objectives (1985:29), for example, are what most writers refer to 
as aims. Goodwin and Klausmeier's implicit objectives (1975:34) are in 
fact what many people call general objectives and Clark's drill objectives 
( 1972: 10) are equivalent to Gronlund's learning tasks ( 1985:40-41 ). 
This debate over the form and structure of objectives, according to 
Roberts (1982:19) is trivial. Its place and value in teaching,. is what 
counts. 
2.2.3 The value of objectives 
Objectives are used in teaching because they .... 
(a) make teaching responsive and relevant to the needs of the pupil 
(Bloom, Madaus and Hastings, 1981:19; Isaac, 1990:36; Van 
Aswegan et al. 1993:53). 
(b) allow teachers to clarify his/her goals (Falk, 1974:143; Bloom, 
Madaus and Hastings, 1981:18; Isaac, 1990:40; Van Aswegan et 
al. 1993:53). 
(c) allow teachers to communicate with other teachers, parents, 
advisors etc. (Bloom, Madaus and Hastings, 1981 :20-21; Kibler et 
al. 1981:4; Isaac, 1990:40-41). 
( d) allow for the issue of accountability (Kibler et al. 1981 :4 ). 
(e) spare pupils the frustration and time consuming effort of trying to 
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(e) spare pupils the frustration and time consuming effort of trying to 
guess what the teacher expects of them (Kibler et al. 1981 :4; Van 
Aswegen et al. 1993:54). 
(f) help teacher to select his methods and materials for teaching 
(Isaac, 1990:36; Van Aswegen et al. 1993:53). 
(g) help teacher to evaluate pupils' achievement and their teaching 
programme (Mager, 1975:6; Kibler et al. 1981 :4-5; Isaac, 1990:37; 
Van Aswegan et al. 1993:54). 
(h) help pupils organise their own learning and evaluate his/her own 
progress (Falk, 1974:143; Mager, 1975:6; Bloom, Madaus & 
Hastings; 1981 :21, Kibler et al. 1981 :4; Isaac, 1990:40; Van 
Aswegen et al. 1993:54). 
(i) enable effective curriculum planning (Kibler et al. 1981 :4; Isaac, 
1990:41). 
2.2.4 Criticism of using educational objectives 
Although the description of teaching goals or aims in terms of clear 
statements of objectives is considered essential in teaching, it has not 
gained universal acceptance. "Abandoning customary practices of goal 
stating" and turning to a "framework of precision" (Popham, 1970: 9-20) 
is not adhered to by all teachers. There is still much criticism and 
controversy in the preparation and use of objectives. Some of the 
criticisms are as follows: 
(a) Encourages mastery learning, hence it facilitates regurgitation of 
just facts. Development of attitudinal and inquiry skills are ignored. 
Knowledge of subject matter alone is not considered as the only 
goal of education (Kurtz, 1965:31; MacDonald and Wolfson, 
1970:119-121; Higgs, 1990:4). 
(b) Performance itself is deceptive as a criterion for learning. A 
learner's behaviour may not be a true reflection of the learning 
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experience. A learner may block expected performance, may 
consider the expected performance to be of so little value to 
him/her that he/she does not bother to display the performance. 
Sometimes the learner may display the expected performance just 
by chance. In such cases, to stress performance as the objective 
is somewhat inaccurate and misleading. It is important to see 
behaviour in the instructional stimulus situation and as part of the 
whole process of teaching and learning rather than simply as a 
performance (MacDonald and Wolfson, 1970: 120; Ebel, 
1970:171). 
(c) It is not possible to describe all concepts and ideas in terms of 
observable behaviour (Ebel, 1970: 172; Van Aswegan et al. 
1993:54). 
(d) It is too time consuming and practically impossible to prepare 
behavioural objeCtives for all lessons planned for the day (Ebel, 
1967:261; Isaac, 1990:24). 
( e) The loss of direction due to too detailed specification. The teacher 
looses sight of the ultimate aim (Isaac, 1990:47; Van Aswegen et 
al. 1993:54). 
(f) The prime focus is the teacher's view rather than the pupil's. 
Individual differences may be therefore ignored when trying to 
obtain the desired behaviour from all pupils. The role that pupils 
should play in curriculum development is therefore overlooked 
(MacDonald and Wolfson, 1970: 122). 
(g) It over emphasises measurable learning achievements which leads 
to superficiality (Van Aswegan et al. 1993:54). 
(h) Many teachers do not have the necessary expertise or knowledge 
in terms of performance (Kibler et al. 1981 :16; Van Aswegan et al. 
1993:54). 
(i) Pre-specification of precise objectives imposes a rigid formality on 
teaching. Unexpectedly occurring opportunities in the classroom 
may not be capitalised and hence freedom and creativity in the 
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classroom are inhibited. Multiple learning outcomes are minimised 
(Atkin, 1968:28; Ebel, 1970: 172; Kibler et al. 1981: 11; Eisner, 
1983:557; Isaac, 1990:46; Van Aswegan et al. 1993:54). 
U) Most of the objectives formulated are trivial and because it is 
easier to write objectives for lower level abilities the really 
important outcomes of teaching are under emphasized (Isaac, 
1990:45; Van Aswegan et al. 1993:54). 
(k) In some subjects e.g. art, it is difficult to prepare precise objectives 
(Eisner, 1983:554-555; Isaac, 1990:47). 
(I) It obliges teachers to evaluate their pupils in exactly the same way 
as the objectives are stated, thereby severely restricting the 
teacher's choices of evaluation (Isaac, 1990:24). 
(m) It implies accountability. Teachers are judged on the ability to 
produce results in learners rather than on the many bases now 
used as indices of competence (Isaac, 1996:47). 
(n) It has dangerous implications for subject curriculum development. 
Worthwhile learning outcomes which cannot be easily detected in 
behavioural terms tend to atrophify. Hence they can disappear 
· from the subject curriculum (Atkin, 1968:28). 
2.2.5 Clarification of the use of educational objectives 
Because of the debate in education over the preparation and use of 
educational objectives in teaching, it is necessary to clarify the view that 
would be used in this research study. The prime function of objectives in 
this research study is to guide teaching so that learners are channelled in 
productive directions. To undertake such a role, it will be important for 
teachers to interact with the learners, to ascertain what specific tasks or 
abilities a learner should be able to do or demonstrate after taking the 
course or after the completion of a lesson or after completion of a topic or 
theme. In other words, objectives formulated should not ask the question 
what factual knowledge would the learner know? This, however, does not 
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of factual knowledge is designed around the specific tasks or abilities a 
learner should be able to do or demonstrate after taking the course or 
after the completion of a lesson or after the completion of a topic or 
theme. To achieve specific tasks or abilities educational objectives are 
stated in general terms e.g. 
(i) ability to construct a graph from a table of data; 
(ii) ability to formulate a hypothesis; 
(iii) ability to design experiments; 
(iv) ability to apply a rule to a new situation; 
Detailed specifications of objectives are thus avoided. The use of 
objectives written in general terms according to Isaac (1990:24-25, 323) 
implies that. .. 
(a) teachers would not undertake the time consuming and impractical 
task of preparing an exhaustive list of objectives for every lesson. 
(b) teachers need not formulate new objectives whenever there is a 
change in content. Hence, the tentative nature of biology as a 
science could be taken into consideration. 
(c) teachers can have greater flexibility in their choices of teaching 
methods, material, and content. Hence, individual and specific 
needs of learners could be considered. 
(d) test items can go beyond testing for recall. The teacher could ask 
pupils to state examples other than those stated in class or stated 
in the textbook, to apply principles to new situations, to interpret 
new data and to formulate a hypothesis. 
( e) The teacher is no longer compelled to attain any or all of the 
objectives concerned with inquiry or attitudes in any particular 
lesson. He/she can choose an opportune lesson/lessons as long 
as he/she ensures that the pupils attain the objectives at the end 
of the course. 
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Despite the debate on the preparation and use of educational objectives, 
stating them in general terms provides an opportunity for teachers to 
teach biology as a science involving the products, the processes and the 
way of life of the scientists. Teachers have a greater degree of freedom 
with regard to the selection of performance tasks which will indicate 
attainment of the objective, the course context, methods and materials to 
be used and the test items and evaluation procedures. 
2.3 THE DERIVATION OF THE AIMS AND OBJECTIVES OF BIOLOGY 
TEACHING 
2.3.1 The nature of science 
It seems appropriate to start the discussion on aims and objectives of 
biology teaching by attempting to answer the following questions: 
What is biology? 
Why do we teach biology? 
In order to attempt to answer the first question 
numerous questions come to mind such as: 
Is biology the science of life? 
Is biology the study of plant and animal life? 
What is science? 
Is science a body of organized knowledge? 
Can we consider history (since it is a body of 
organized knowledge) to be a science? 
~at special skills do scientists use in obtaining scientific information? 
Are these skills a part of science? 
Do scientists need to have special attitudes to be effective scientists? 
What are these attitudes? 
Are these attitudes a part of science? 
To the above questions many answers have been offered and to date 
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there is no universally agreed definition of science or biology among 
science educators (Aswegan et al. 1993:2). 
However, science educators agree on the following issues: 
(a) Biology is a science, the science of life. 
(b) The body of accumulated knowledge produced by scientists i.e. 
the products of science is only a part of life. 
(c) The ways in which scientists obtained this information i.e. the 
processes of science is also a part of science. 
(d) Scientists need to exercise great care in ensuring that their 
personal prejudices and biases do not affect their judgement. 
They need therefore to develop special attitudes i.e. scientific 
attitudes and values. Scientific attitudes have come to be 
known as ways in which scientists believe in and conduct their 
work (Simpson et al. 1994:212). Values can be defined as "the 
intrinsic feelings of quality that make something - a phenomenon 
or behaviour- useful, desirable or worthwhile (Van Aswegen et 
al. 1993:49). These attitudes and values form the third part of 
science. 
From the above, biology can therefore be defined as: A science of life 
which includes the body of accumulated knowledge (the products), the 
inquiry skills (the processes by which scientists obtained this information) 
and the attitudes and values scientists need to develop to ensure that the 
information is valid (Van Aswegen et al. 1993:3). The nature of biology 
is therefore said to be threefold. It follows therefore that justice would 
only be done to biology as a science if the threefold nature of science is 
reflected in the teaching of biology. 
2.3.2 Rationale for teaching biology 
Eggleston (Ayerst, 1989:3) gives two important propositions as to why we 
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teach biology i.e. knowledge is better than ignorance and to be able to 
acquire knowledge (by the application of the skills of inquiry) is better than 
knowledge alone. He states that these propositions imply that pupils, by 
studying biology should acquire knowledge and development of certain 
intellectual skills; not one without the other. Karl Pearson in 1892 and 
Morris Shames in 1960 respectively (Woodburn & Oboum, 1965: 10) were 
expressing the same sentiments when they said " ... science which merely 
recites the results of investigations, which merely communicates useful 
knowledge, is ... bad science, or no science at all ... " and " ... the greatest 
injustice that can be done to science is to regard it merely as a collection 
. of facts and the practice of science as little more than routine 
accumulation of minutiae". In other words these authors state that true 
education in science, is helping pupils to develop skills. 
According to Watson (1990:50) and from statistics provided by the 
Foundation of Research Development (1993:102, 138, 139, 163) less 
than 1 % of South African pupils will make their careers in work based on 
the current biology syllabii. Goals, aims and objectives of biology teaching 
should therefore cater not only for this small percentage of pupils but for 
all pupils to allow them to take their place in society (Ayerst, 1989:4). 
Wong (Ayerst, 1989:4) puts it in a nutshell when he states ''we are not in 
the business of teaching biology, we are in the business of enhancing 
lives". This is also the vision of the RDP. However, the above goal is 
stated too broadly for classroom implementation. It therefore becomes 
imperative to formulate aims and objectives for teaching. Without 
establishing these aims and objectives, teachers cannot teach; nor can 
teachers examine them properly. 
Many authors have classified educational objectives. Although the best 
known one is that of Bloom's, this research study aligns itself to that of 
Isaac. Isaac (1990:324) suggests that it would be much better for aims 
to be derived from the nature of biology first and then derive the 
objectives from the aims. Bloom's taxonomies of educational objectives 
40 
were rejected for the following reasons: 
(a) Some activities e.g. performing a scientific activity, would involve 
cognitive, affective and psychomotor skills and it is often difficult to 
classify such activities correctly (Moodley, 1980:206; Kibler et al. 
1981:83). 
(b) The second problem is "category placement" (Kibler et al. 
1981 :83). Three reasons may be responsible for this confusion: 
(i) There is no universally agreed interpretation of the categories 
(Wood & Napthali, 1975:151). 
(ii) A task may be level 1 for some pupils because of their pre-
knowledge when in fact it was designed to be one involving 
"comprehension" and "application" (Isaac, 1990:44). 
(iii) Each higher level category comprises elements of the previous 
one e.g. "Application = Application + Comprehension + 
Knowledge" (Dreckmeyer, 1991 :22). This overlapping of 
categories make it difficult to categorise some objectives. The 
hierarchical arrangement implies that a lower level objective is not 
built on the higher level ones (Moodley, 1980:206). But this need 
not be always true e.g. a matching question (level 1 of Bloom's 
cognitive domain) has to be first analysed by a pupil (level 4) and 
then the pupil must select (level 3) the correct response from a 
number of alternatives (Isaac, 1990:44). 
( c) Because the taxonomy was not specifically developed for biology, 
it does not take into account the threefold nature of biology as a 
scientific discipline. 
2.3.3 Aims of biology teaching 
Biology, as a science is made up of three components viz. the body of 
knowledge (the products), the way in which this knowledge was obtained 
by scientists (the processes) and the way of life of the scientist (Voss and 
Brown, 1968:62; Farmer and Farrell, 1980:75; Woodburn and Obourn, 
1965:12; Isaac, 1990:53; Robinson, 1968: 138-139). The teaching of 
biology should therefore reflect these three components of science 
41 
(Bloom, 197 4:26; Isaac, 1990:53). The aims of the core biology syllabii 
for South Africa (Ayerst, 1989:5) and aims of the biology syllabi abroad 
(Falk, 1971:12; Woolnough and Allsop, 1985:70-78; Yager and 
McCormack, 1989:46-47; and Bybee and DeBoer, 1994:357-358), are 
shown in Figure 2.1 and Tables 2.1, 2.2, 2.3 and 2.4. Examination of 
these aims indicate that although the three components of the nature of 
biology are not explicitly stated, they are nevertheless implied. 
INQUIRY SKILL 
Analyse and 
evaluate 
information 
Be aware of 
patterns and 
relationship 
KNOWLEDGE 
Communicate 
clearly 
INQUIRY SKILL 
Respect for life 
Love of SA flora 
and fauna 
AlTITUDES AND 
KNOWLEDGE VALUES 
GOAL 
Developing an inquiring 
mind and a scientific 
approach to problems 
through a study of life 
Acquire 
knowledge and 
learning skills 
(extra) 
KNOWLEDGE AND 
INQUIRY SKILLS 
Figure 2.1 : Aims of the biology course 
(Ayerst. 1989 : 5) 
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INQUIRY SKILL 
Able to make 
critical 
observations 
Understanding 
fundamental 
principles 
KNOWLEDGE 
Formulate 
hypotheses and 
suggest procedures 
INQUIRY SKILL 
Table 2.1: Aims of science teaching (Falk, 1971 :12) and its relationship to the 
nature of science. 
CATEGORY OF AIM OF SCIENCE COMPONENT OF THE NATURE OF 
TEACHING SCIENCE 
1. Knowledge Products and processes 
2. Inquiry skills Products and processes 
3. Attitudes and values Way of life of the scientist 
Table 2.2: Aims of science teaching (Woolnough and Allsop, 1985 : 78) and 
its relationship to the nature of science 
AIM OF SCIENCE TEACHING COMPONENT OF THE NATURE OF 
SCIENCE 
1. Personal mastery of the Products 
knowledge and theories of 
science 
2. Habits and skills of a Processes 
practising scientist 
3. Appreciation of the Products 
relationship between 
science and society 
4. Acquisition of decision- Processes 
making skills 
5. Development of students' Way of life of the scientist 
·personality 
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Table 2.3: Domains or goals of science teaching (Yager and McCormack, 
1989:46-47) and its relationship to the nature of science. 
AIMS OF SCIENCE TEACHING COMPONENT OF THE NATURE OF 
SCIENCE 
1. Knowing and understanding Products 
(Information Domain) 
2. Exploring and creativity Processes 
(Process of Science Domain) 
3. Imagining and creativity Processes 
(Creativity Domain) / 
4. Feeling and Valuing (Attitudinal Way of life of the scientist 
Domain) 
5. Using and applying Processes 
(Applications and Connections 
Domain) 
Table 2.4: Aims of science teaching (Bybee and De Boer, 1994:357-358) and 
its relationship to the nature of science. 
AIM OF SCIENCE TEACHING COMPONENT OF THE NATURE OF 
SCIENCE 
1. Personal and social Products, processes and way of life of 
development the scientist 
2. Knowledge of scientific facts and Products 
principles 
3. Scientific methods and skills and Products and processes 
their application 
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The classification of aims by Falk (1971: 12) is used in this research study since 
it displays an almost one-to-one relationship with the three main components of 
science and thus of biology. 
2.3.3.1 The acquisition of the products of science (knowledge) 
The phenomenal increase in scientific knowledge annually "staggers 
the imagination" (Falk, 1974:152). According to Robinson (1968:6) the 
growth of scientific knowledge has "been geometric, climbing steeply 
toward parallel with the vertical coordinate". Along with this growth of 
knowledge comes the associated problem of the limited capacity of the 
human brain to deal with the "knowledge explosion" (Bruner, 
1965a:77; Robinson, 1968:8). Thus it is no longer possible to teach 
all there is to know about biology (Falk, 1974:152). Therefore Novak 
(1966:240) recomm'ends that we focus only on the major 
generalisations of science. Voss and Brown (1968:59); Falk 
(1974:140) and Szent-Gyorgyi (1964:1278) are all of the opinion that 
the teaching of biology should enable pupils to arrive at concepts, 
generali.sations and themes. However, "details and generalisations 
must be in proper balance: generalization can be only reached from 
details, while it is the generalization which gives value and interest to 
the detail" (Szent-Gyorgyi, 1964: 1278). Implementing this approach 
would mean some loss of fine factual detail with time but the unifying 
themes and generalizations that remain.will help pupils to reconstruct 
the details when needed (Isaac, 1990:56). The approach to the South 
African core biology syllabii also says specifically "constant emphasis 
should be placed upon facts being understood, interpreted and applied 
rather than being merely memorised" (Ayerst, 1989:9). 
Thus the acquisition of knowledge as an aim of biology teaching does 
not mean "rote learning". The acquisition of a broad base of biological 
facts, concepts and generalizations should lead to an understanding 
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of the unifying themes of biology (Falk, 1974:139; Isaac, 1990:57). 
Thus the starting point for the attainment of the products of biology is 
the acquisition of a broad base of facts. These facts need to be inter-
related and inter-connected to form broader generalizations. 
Eventually a few major themes which represent school biology should 
emerge. However, this knowledge will only be meaningful to the 
learner if it is shown to have personal, social and economic 
applications. 
According to Ayerst (1989:6) and Isaac (1990:57) this global target of 
the acquisition of the products of science can be represented by the 
following objectives: 
(a) Pellew's objectives for the acquisition of knowledge (Ayerst, 
1989:6) 
1. Define a concept, describe, identify, draw, label and name 
things. 
2. Record by accurate drawing, labelling and describing. 
3. Discuss procedures and observations in scientific terms. 
4. Recognize biological relationships. 
5. Understand the interdependence of all living things. 
6. Recognise pertinent properties or characteristics of living 
things which are common to other organisms. 
7. Show awareness of biological patterns and relationships 
such as: 
7 .1 adaptation and variety; 
7 .2 surface area to volume ratio; 
7 .3 succession; 
7.4 man's impact on the environment; 
8. Compare and contrast living things. 
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9. Apply what has been learned in one example to a new 
situation. 
10. Use all senses when observing things 
(b) Isaac's objectives (1990:57) for the acquisition of knowledge 
1. Ability to recall information (terms, symbols, drawings, 
diagrams, structures, functions, classification, properties, 
life cycles, processes, names of apparatus, chemicals, 
specimens, laboratory procedures and precautions etc.). 
2. Ability to show the relationship between form and function, 
between organisms and their environment, amongst 
organisms and between processes. 
3. Ability to demonstrate knowledge and understanding of the 
personal, social, economic and technological applications 
of biology. 
4. Ability to explain the major themes of biology such as 
evolution, the continuity of life, homeostasis and energy 
flow. 
2.3.3.2 The development of inquiry skills (processes of science teaching) 
In recent discussions of science education the statement, "science is 
based on facts" does not mean "science equal facts" (Farmer and 
Farrell, 1980:76). This notion appears to be gaining widespread 
acceptance and the general consensus is that science teaching should 
not concentrate merely on facts or having facts explained to pupils but 
on ways or processes by which these facts were obtained (Gagne, 
1963:144; Herron, 1969:105; Jungwirth, 1970:141; Falk, 1974:140; 
Seymour et al. 1974:349; Welch et al. 1981:46-47; Moll and Allen, 
1982:95; Van Aswegan et al. 1993:41 and Tobin et al. 1994:53-54). 
It must be emphasized that these authors are not saying not to teach 
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facts but advocate that the teacher should teach fewer facts and more 
process skills. Leaming of facts is not a process skill (Ayerst, 1994: 1 ). 
The product aspect is only one part of the structure of science (Farmer 
& Farrell, 1980:81 ). It owes its existence to the process of science; 
but on the other hand, the process is impossible and pointless without 
the product (Voss and Brown, 1968:62). Therefore to really 
understand how science works, teachers need to teach their pupils 
skills and processes (Isaac, 1990:54; Wellington, 1989:9). 
Opportunities for pupils to engage in scientific enquiry is thus 
essential. 
According to Jungwirth (1970:141); Falk (1974:140); Pellew (Ayerst 
1989:6); Isaac (1990:50-60) and Independent Examination Biology 
User Group (Ayerst, 1994 : Appendix 1 C) this global target of the 
development of inquiry skills can be represented by the following 
objectives: 
(a) Jungwirth's objectives for the development of inquiry skills 
(1970:141) 
1. Ability to discern problems. 
2. Ability to formulate and screen useful hypotheses. 
3. Ability to infer what data to seek (if ... then logic). 
4. Ability to plan experiments appropriate to a problem. 
5. Ability to interpret data (draw appropriate conclusions). 
6. Ability to identify assumptions. 
(b) Falk's objectives for the development of inquiry skills (1974:140) 
1. Ability to formulate problems and hypotheses. 
2. Ability to devise and perform experiments. 
3. Ability to predict and verify results. 
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(c) Hodson's and Reid's objectives for the development of inquiry skills 
(1988:105) 
1. Planning Investigation 
1.1 Identification and clarification of problems (asking 
questions). 
1.2 Formulation of hypotheses. 
1.3 Selection of suitable tests of hypotheses. 
1.4 Design of experiments. 
2. Performing Investigations 
2.1 Accurate observations of objects and phenomena. 
2.2 Selection of appropriate measuring instruments. 
2.3 Accurate measurement. 
2.4 Describing and reporting observations in appropriate 
language. 
2.5 Safe use of laboratory equipment. 
2.6 Performance of routine laboratory operations. 
2. 7 Carrying out familiar and unfamiliar procedures in 
accordance with written or verbal instructions. 
2. 8 Methodical and efficient working. 
3. Interpreting and Learning from Investigations 
3.1 Processing, manipulating and organizing experimental data. 
3.2 Presentation of data in a suitable form. 
3.3 Analysis and interpretation of data. 
3.4 Extrapolation of data and generalization. 
3.5 Making sense of data by reference to relevant theory. 
3.6 Drawing conclusions. 
3. 7 Suggesting modifications and improvements for further 
work. 
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4. Communication 
4.1 Preparing and communicating an oral or written account or 
report in a suitable form. 
(d) Pellew's objectives for the development of inquiry skills (Ayerst, 
1989:6) 
1. Use controls in experiments. 
2. Represent tables in graphical form. 
3. Ability to transfer observations and abstractions into a 
model form. 
4. Make inferences from graphs. 
5. Understand the nature and value of generalisation. 
6. Compare and contrast living things. 
7. Apply what has been learned in one example to a new 
situation. 
8. Use keys to identify organisms. 
9. Deal with two or more variables at the same time. 
10. Predict the effect of a variable. 
11. Use a basic model or analogy as a starting 
point for an investigation. 
12. Select relevant data to solve a problem. 
13. Put forward hypotheses to account for observed 
phenomena. 
14. Comprehend the inter-relationships among the ideas in a 
passage. 
15. Suggest objective means of investigating a problem and 
devise suitable procedures. 
16. Select suitable variables which can be quantified. 
17. Pose questions that lend themselves to investigation. 
18. Suggest faults in a procedure which can lead to a more 
meaningful investigation if corrected. 
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19. See more in results which at first seem to indicate one 
conclusion. 
(e) Isaac's objectives for the development of inquiry skills (1990:50-60) 
1. Ability to identify problems. 
2. Ability to formulate hypotheses. 
3. Ability to design experiments or investigations to test 
hypotheses. 
4. Ability to perform basic laboratory skills such as slide 
preparation and use of pipettes, burners and microscopes. 
5. Ability to select and use the correct apparatus to carry out 
investigations/experiments. 
6. Ability to m,ake observations and record these in the form of 
' drawings, diagrams, tables, graphs and paragraphs. 
7. Ability to obtain information from reliable sources such as 
texts and journals. 
8. Ability to select and organise information relevant to a 
particular theme, topic or problem. 
9. Ability to make accurate calculations. 
10. Ability to solve numerical problems. 
11. Ability to generalise, summarise, draw conclusions, make 
deductions, form inferences, evaluate non-numerical and 
non-graphical information and make decisions based on it. 
12. Ability to generalize, summarize, draw conclusions, make 
deductions, form inferences, evaluate numerical and 
graphical information and make decisions based on it. 
13. Ability to determine limitations in the design of 
experiments/investigations and in the information presented 
(e.g. due to lack of proper controls, faulty reasoning, 
confusion between assumptions and facts and between 
opinion and valid conclusions. 
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14. Ability to demand evidence in support of claims. 
15. Ability to communicate ideas orally and in writing. 
16. Ability to distinguish the process of scientific inquiry from 
magic, superstition and witchcraft. 
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As can be seen, the objectives listed by the various authors fall into two broad 
divisions, viz. skills specific to scientific investigations and skills likely to be of 
value in everyday activities. Skills numbered 4 (Jungwirth), 2 (Falk), 1 and 2 
(Hodson and Reid), 16 (Pellew) and 4 and 5 (Isaac) and skills grouped as 
practical (Independent Board Examination Biology) are examples of skills specific 
to scientific investigations. The remainder of the skills to be achieved in biology 
teaching are really of value in everyday activities. Objectives listed under 
experimental design (Independent Board Examination Biology) falls into both 
divisions. 
2.3.3.3. The development of scientific attitudes and values 
As stated earlier scientific attitudes have come to be known as ways in 
which scientists believe in and conduct their work (Simpson et al. 
1994:212). These scientific attitudes should not be confused with 
"attitudes toward science". Attitudes toward science encompasses 
interest in science, a positive or a negative feeling about science, 
attitudes about scientists and attitudes toward the use of science, while 
scientific attitudes include the characteristics of scientists such as 
integrity, objectivity, open-mindedness, self-reliance, self-confidence and 
independence. These characteristics are believed to be desirable in 
students of science (Simpson et al. 1994:216; Falk, 1974:141). 
At each step of the scientists' investigations progress is evaluated and 
controlled "by certain attitudes he knows are vital to the ultimate solution 
of his problem" (Falk, 1974:140-141). Thus the development of these 
scientific attitudes becomes an important part of an aim of biology 
teaching. Scientific investigations are influenced by human values. 
Simpson et al. (1994:212) state that human values cannot be eliminated 
from science. The influence of human values is especially apparent 
during the formulation or judgement of hypotheses. At any given time, 
several competing hypotheses may explain the available facts equally 
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well, and each may suggest an alternate route for further research. 
Scientists may use values related to knowledge-based criteria applicable 
to hypotheses to select promising scientific hypotheses from less fruitful 
ones. Some of the values used are simplicity, elegance, ability to unify 
disparate observations and ability to provide accurate predictions 
(Simpson et al. 1994:212). 
The above values are not the only ones, social and personal values -
including philosophical, religious, cultural, political and economic values -
can also influence scientific judgement in fundamental ways. Such values 
can harm or benefit a person's science. According to Simpson et al. 
(1994:213) "Conflict of interest caused by financial considerations .... are 
a source of values that can harm science. With the rapid decrease in time 
between discovery and commercial application, private industry is 
subsidizing a considerable amount of cutting-edge research. This 
commercial involvement may bring researchers into conflict with industrial 
managers - for instance, over the publication of discoveries - or it may 
bias investigations in the direction of personal gain". 
The report called Education and the Spirit of Science (Simpson et al. 
1994:212) published in 1966 contains values that were deemed important 
by scientists and educators as "modes of thought" important to humans 
and their pursuit of science and technology. Some of the values that are 
relevant today are as follows: 
(a) Longing to know and understand. 
(b) Questioning of all things. 
· (c) Search for data and their meaning. 
( d) Demand for verification. 
( e) Respect of logic. 
(f) Consideration of premises. 
(g) Consideration of consequence. 
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More recently the National Academy of Sciences (1989) has published a 
set of letters entitled "On Being a Scientist" (Simpson et al. 1994:213). 
This publication indicates that scientists are becoming increasingly 
concerned about social and ethical issues. Social values established by 
Rokeach (Simpson et al. 1994:215) that are applicable to scientists and 
pupils studying science are as follows: 
(a) Ambitious (hard-working, aspiring). 
(b) Broadminded (open-minded). 
(c) Capable (competent, effective). 
(d) Clean (neat, tidy). 
(e) Courageous (standing up for your beliefs). 
(f) Helpful (working for welfare of others). 
(g) Honest (Sincere, truthful). 
(h) Imaginative (daring, creative) 
(i) Independent (self-reliant, self-sufficient) 
U> Intellectual (intelligent, reflective) 
(k) Logical (Consistent, rational) 
(I) Responsible (dependable, reliable) 
(m) Self-controlled (restrained, self-disciplined) 
It is therefore important for science educators, to understand that science 
is not value free nor is it taught to individuals lacking values. The 
development of values also therefore becomes an important part of an 
aim of biology teaching. Like the development of inquiry skills, the 
importance of the development of scientific attitudes and values lies in its 
applicability and relevance to activities in all walks of life (Falk, 1974:141 ). 
Falk (1971:14) states that scientific attitudes and values can be actually 
taught. Van Aswegen et al. (1993:42) are of the opinion that this aim 
might prove to be the most important one. 
The following is a detailed list of objectives prepared by Hodson and Reid 
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(1988:106) and Isaac (1990:63) representing the aim, the development 
of scientific attitudes and values or the way of life of the scientist. 
(a) Hodson's and Reid's list of objectives (1988:106) concerning the 
development of attitudes and values 
1. Independence of thought and self-confidence. 
2. Capacity for self-motivation and acceptance of responsibility for 
one's own learning. 
3. Perseverance and tenacity in the face of difficulties. 
4. Intellectual curiosity. 
5. Tolerance of the views of others. 
6. Self-criticism. Also a willingness to criticise and be criticized by 
others. 
7. Co-operation with others, consisting of: 
7 .1 carrying out tasks together 
7.2 a willingness to pool data and ideas 
8. Open-mindedness, willingness to change one's mind in the light 
of new evidence, willingness to suspend judgement if there is 
insufficient evidence. 
9. Appreciation that most issues and problems can be approached 
from a variety of perspectives. 
10. Honesty and integrity in carrying out and reporting experimental 
work. 
11. Willingness to predict, speculate and take 'intellectual risks'. 
12. Acceptance of scientific enquiry as legitimate way of thinking about 
issues and problems. 
13. Enthusiasm for science. 
14. Informed and healthy scepticism based on recognition of the 
limitations of science. This would include the capacity to resist 
claims unsupported by evidence or theory. 
15. Recognition of the role of science and technology in shaping 
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society and our material well being. 
16. Applications of science problem-solving skills to everyday 
situations. 
17. Adoption of science-related interests e.g. keeping animals, 
computing, reading science fiction. 
(b) Isaac's list of objectives (1990:63) concerning the development of 
attitudes and values 
1. Ability to carry out biological activities enthusiastically. 
2. Ability to persist and pursue work to its successful conclusion. 
3. Ability to represent all observations honestly and objectively. 
4. Ability to exercise an open mind with a willingness to reverse 
judgements in the light of new evidence. 
5. Ability to suspend judgement until reliable evidence can be found. 
6. Ability to show respect and tolerance for the point of view of others. 
7. Ability to work willingly in co-operation with others. 
8. Ability to show initiative, resourcefulness, creativity and imagination 
in the approach to solving problems. 
9. Ability to show respect and sensitivity in the handling of all forms 
of life. 
10. Ability to develop curiosity and an interest in, and an enjoyment of 
living things. 
11. Ability to exercise responsibility in handling of chemicals, 
specimens and apparatus (i.e. uses materials sparingly, exercises 
necessary care and safety precautions, considers the safety of 
others, avoids damage to equipment). 
58 
2.4 OBJECTIVES OF BIOLOGY TEACHING FOR CURRENT SYLLABll 
From the detailed lists of objectives prepared by the writers mentioned in 
2.3.3.1 - 2.3.3.3, a listing comprising of thirty four objectives was drawn 
up pertaining to the current biology syllabii. This list follows. 
Objectives 
1. Ability to recall information (terms, symbols, formulae, drawings, 
labels, diagrams, structures, functions, properties, life cycles, flow 
diagrams, processes, names of apparatus, chemicals, specimens, 
laboratory procedures, precautions, results of investigations/ 
experiments). 
2. Ability to show relationships amongst living organisms, between 
organisms and their environment and between processes. 
3. Ability to explain major themes of biology such as evolution, 
biodiversity of plants and animals, homeostasis. 
4. Ability to demonstrate knowledge and understanding of personal, 
social, economic and technological applications of biology. 
5. Ability to apply what has been learned in one example to a new 
situation. (Investigate situations and everyday situations). 
6. Ability to identify problems. 
7. Ability to formulate and screen useful hypotheses. 
8. Ability to design experiments appropriate to a problem. 
9. Ability to perform basic laboratory skills such as use of microscope, 
burners, pipettes etc. 
~ 0. Ability to select and use correct apparatus to carry out 
investigations/experiments. 
11. Ability to select and organise information relevant to a particular 
theme, topic or problem. 
12. Ability to carry out familiar and unfamiliar procedures in 
accordance with written or verbal instructions. 
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13. Ability to make observations (describe accurately, measure 
accurately, note similarities and differences, changes in size and 
shape etc.). 
14. Ability to record data in the form of statements, drawings, tables, 
graphs, 3-0 construction. 
15. Ability to interpret and learn from investigations. (Select relevant 
data, summarise, calculate, analyse, devise key, construct flow 
chart, construct mind maps, solve problems, recognize trends, 
sequences and patterns, generalize, infer, deduce, evaluate, show 
relationship between hypotheses and interpret data, suggest 
modifications and work and make improvements for further work 
and make decisions based on it). 
16. Ability to communicate ideas orally and in writing. 
17. Ability to recognize limitations of science (faculty design of 
experiments, lack of proper controls, faulty reasoning, confusion 
between assumptions and facts, between opinion and valid 
conclusions and claims unsupported by evidence or theory). 
18. Ability to demand evidence in support of claims. 
19. Ability to distinguish the process of scientific inquiry from magic, 
superstition and witchcraft. 
20. Ability to consider various alternative viewpoints concerning 
science-related personal issues and social issues. 
21. Ability to work methodically and efficiently and implement 
precautions. 
22. Ability to show enthusiasm for science. 
23. Ability to develop independent thought, self-confidence, self-
motivation, and an acceptance of responsibility for one's own 
learning. 
24. Ability to persevere in face of difficulties. 
25. Ability to represent all observations honestly and objectively. 
26. Ability to exercise an open mind with a willingness to reverse 
judgements in the light of new evidence. 
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27. Ability to suspend judgement until reliable evidence can be found. 
28. Ability to show respect and tolerance for the point of view of others. 
29. Ability to work willingly in co-operating with others. 
30. Ability to show respect and sensitivity in the handling of all forms 
of life. 
31. Ability to develop curiosity and an interest in, and an enjoyment of 
living things. 
32. Abiiity to be willing to predict, speculate and take "intellectual 
risks". 
33. AbiUty to accept scientific enquiry as a legitimate way of thinking 
about issues and problems. 
34. Ability to recognise the role of science and technology in shaping 
society and our material well being. 
The following should be' noted: 
(a) It is extremely difficult to state exactly whether an objective 
belongs to the product domain, process domain or attitude and 
value domain since these three components are interwoven with 
each other and each one depends upon the others for their 
existence. Hence some objectives may be classified both as 
product and process, process and attitude or product and attitude. 
(b) From the above mentioned list four objectives (numbers 1-4) have 
been derived for the acquisition of knowledge; 15 (numbers 6-20) 
for the acquisition of inquiry skills and 13 (numbers 23-35) for the 
acquisition of attitudes and values. One objective (number 5), may 
. be classified as both product and process. While two objectives 
(numbers 21 and 22) may be process and attitude and value 
objectives. 
(c) The number of objectives derived from each aim, does not, in any 
way, indicate the relative importance of these three aims of biology 
· teaching. The acquisition of knowledge (subject matter) is used as 
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( d) The objectives could cater for a topic/theme in biology - factual 
details pertaining to subject matter are not included. 
(e) It is a list compiled from the work of writers mentioned in 2.3.3.1, 
2.3.3.2 and 2.3.3.3 and may not correspond exactly to their 
classification of objectives. 
2.5 AIMS OF BIOLOGY TEACHING IN THE PRESENT EDUCATIONAL 
CONTEXT AS COMPARED TO THOSE ENVISIONED IN THE RDP 
As stated earlier, the ANC document: A Policy Framework for Education 
and Training {1994:84) envisages that the Science and Mathematics 
curricula will. .... 
(a) provide students with knowledge. 
(b) provide students with an understanding of the value of sciences. 
{c) provide students with an understanding of how scientifically 
informed decisions are made and the risks these entail. 
(d) relate knowledge and skills acquired to everyday life. 
{ e) include a study of technological applications and processes. 
These visions are very similar to the aims and objectives of the present 
biology syllabii. They could be conveniently fitted into the three categories 
of the aims used in this research study. 
Vision 1 can be associated with the acquisition of knowledge, visions 2, 
4 and 5 with the acquisition of knowledge and inquiry skills and vision 3 
with the acquisition of knowledge, inquiry skills and attitudes and values. 
The intention in writing this chapter is to go beyond a summary of all the 
research on science goals aims and objectives. Instead the emphasis is 
on what can be learned about science teaching from a review of research. 
What is absolutely clear from the review is that teaching of biology in the 
present educational situation and in the envisioned Education and 
Training System of the RDP is concerned, not with the memorization of 
a body of knowledge but with learners' understanding the methods of 
science, developing scientific concepts that could be used in everyday life 
and acquiring an attitude of scientific inquiry. In short, biology teaching 
ought to equip the learner with life-long learning skills which would 
eventually enhance the quality of life. Teachers are seen as the key 
component in the subject curriculum process, in the current endeavours 
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and in envisioned ones to drive the biology curriculum in positive 
directions because the school according to Isaac (1990:20) has the 
greatest degree of organisation to bring about desired changes in the 
learner. 
2.6 RESUME 
Because general aims of education and teaching aims in terms of 
subjects such as english, history and biology, are stated in broad terms, 
their implementation in a course of lessons is difficult. To serve as 
meaningful guides for classroom teaching, the teaching aims of the 
subject need to be translated into statements of what pupils would be able 
to do at the end of a lesson or educational programme. Educational 
objectives, which are descriptions of what pupils are expected to do at the 
end of a lesson or educational programme, are an attempt to satisfy this 
need. An intimate relationship exists between aims and objectives. 
Objectives obtain their rationale from the aims that gave rise to them. 
Therefore achievement of the objectives derived from an aim represents 
achievement of the aims. The statement of educational objectives has 
advantages and short-comings. To overcome most of the criticisms in the 
preparation and use of educational objectives, they are stated in general 
terms. In this way they give direction to teaching while at the same time 
allow the teacher a greater degree of freedom with regard to selection of 
performance tasks which will indicate attainment of the objective, the 
course content, methods and materials to be used and the test items and 
evaluation procedures. 
The nature of biology was thereafter examined to arrive at three aims 
namely the acquisition of knowledge, the development of inquiry skills and 
th~ development of attitudes and values. For each of these broad aims, 
detailed lists of objectives prepared by science educators indicating 
specific tasks, were presented. From these lists, a list containing thirty 
four objectives for the current biology syllabii was drawn up. 
The next chapter looks at approaches of biology teaching to determine 
which of these would be better able to serve the objectives identified. 
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CHAPTER THREE 
CONCEPT OF TEACHING AND APPROACHES IN THE TEACHING OF 
BIOLOGY 
3.1 INTRODUCTION 
According to Bengu, Minister of Education, the status quo in education 
and training can no longer continue (White Paper on Education and 
Training, 1995:5). Implied in his statement that "it cannot be business as 
usual in our schools .... (White Paper on Education and Training, 1995:5) 
is the notion that teaching and learning are troubled fields. Therefore if 
today's and tomorrow's schools are to be transformed to be compatible 
with the vision outlined in the RDP of 1994 and in the White Paper on 
Education and Training of 1995, science educators in South Africa have 
no choice but to begin with what is happening now and introduce reform 
efforts in science education similar to those expressed by the Holmes 
Group (1988:61-68) which consist of education deans of universities and 
chief academic officers from research institutions. The Holmes Group 
reform efforts (1986:61-68) are as follows: 
(a) To make the education of teachers intellectually sound. 
(b) To recognize differences in knowledge, skill and commitment 
amongst teachers. 
(c) To create relevant and defensible standards of entry to the 
profession of teaching. 
(d) To connect schools of education with schools. 
(e) To make schools better places for practising teachers to work and 
learn. 
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These reform efforts according to Tobin et al. (1994:45) are intended to ... 
(a) create schools that have mediation of learning as their primary 
goal. 
(b) produce teachers who, as professionals, can lead, guide and 
mediate the learning process so that learning becomes a way of 
life and schools become communities of learning. 
To elucidate the intentions of the envisioned reforms it is necessary to 
discuss in this chapter the following: 
(a) The meaning of the concept of teaching. 
(b) A vision of what is expected of today's and tomorrow's science 
teachers. 
(c) A critical analysis of the process-led approach as opposed to a 
content-led approach. 
( d) A way forward toward the achievement of the aims and objectives 
of biology teaching as discussed in Chapter 2. 
3.2 THE MEANING OF THE CONCEPT;·TEACHING• 
According to Hyman (1974:6-8) the concept of teaching could mean an 
occupation, an enterprise and an act. The general enterprise of teaching 
includes logical acts, strategic acts and institutional acts as shown in 
Table 3.1. 
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Table 3.1: Logical acts, strategic acts and institutional acts of the general 
enterprise of teaching (Hyman 197 4:7). 
LOGICAL ACTS STRATEGIC ACTS INSTITUTIONAL ACTS 
1. Deducing 1. Questioning 1. Chaperoning dances 
2. Concluding 2. Motivation 2. Attending faculty meetings 
3. Explaining 3. Evaluating 3. Taking roll 
4. Comparing 4. Testing 4. Patrolling halls 
5. Defining 5. Reinforcing 5. Collecting money 
6. Justifying 6. Encouraging 6. Making reports 
7. Trusting 
8. Respecting 
NOTE 
(i) Logical acts refer to intellectual acts of thinking and reasoning in relation to some subject 
matter. 
(ii) Strategic acts refer to the teacher's plan and his /her way of directing pupils during teaching. 
(iii) Institutional acts refer to the way the teacher's job in a school is organised by those in 
charge. 
(iv) The compartmentalizing of these acts are not rigid since context and interpretation are 
important variables. 
A close examination of these acts indicates that it is possible to teach pupils 
without performing institutional acts but it is impossible to teach without logical 
and strategic acts. The essence of teaching is implementing logical and strategic 
acts and it is these acts that constitute the act of teaching (Hyman, 1974:8). The 
act of teaching is characterized "as an activity aimed at the achievement of 
learning and practiced in such a manner as to respect the student's intellectual 
integrity and capacity for independent judgement" (Hyman, 1974:10). This 
definition does not, however, imply a "dyadic" relationship between teacher and 
pupil (student). The teacher must teach something to the pupil (student). This 
something is subject matter. Hence subject matter connects teacher and pupil 
(student). Teaching is now, "a triad of elements" i.e. the teacher, the pupil 
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(student) and the subject matter. This triad is dynamic in quality and it does not 
prescribe the kind of teacher-pupil (student) relationship that ought to be 
established. Neither does it entail a static relationship with the subject matter 
that teachers teach (Hyman, 1974:16-20). This conception of teaching is 
represented in Figure 3.1. 
TEACHER 
STUDENT SUBJECT MATIER 
Figure 3.1: The relationship amongst the triad of elements of the act of 
teaching (Hyman, 197 4:20) 
The subject matter can be used by the teacher to teach knowledge and 
develop inquiry skills, attitudes and values (Hyman, 197 4:2-23; Isaac, 
1990:64; Van Aswegan et al. 1993:39-42). Schwab (1983:245) like 
Brandwein et al. (1958:72) describe teaching as an art. Schwab 
(1963:245) says ''Teachers practise an art. Moments of choice of what 
to do, how to do it, with whom and at what pace arise hundreds of time a 
school day and arise differently every day and with every group of 
students. No command or instruction can be so formulated as to control 
that kind of artistic judgement and behaviour, with its demands for 
frequent instant choices of ways to meet an ever varying situation". 
Teachers, therefore, cannot be merely told what to do. The Holmes 
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Group, consider teaching as an act of leadership .. According to them 
teaching is to help pupils "get excited in a subject area which leads them 
to engage in big ideas, the cultural ideas" (Holmes Group, 1990: 10). This 
requires teachers to possess broad and deep understanding of their 
pupils, the subject they teach, the nature of learning and schooling, and 
the world around them. They ought to be careful not to bore, confuse, 
demean, or push pupils to interact with important knowledge skills, 
attitudes and values. Such teachers interpret the understandings pupils 
bring to and develop during lessons; they identify pupils' misconceptions 
and question their responses that mask true learning. 
As professionals "these competent teachers would never breeze into a 
classroom, present a prefabricated lesson and breeze out again, claiming 
to have taught" (Holmes Group, 1986:28-29). Teaching therefore is said 
to be an act where the teacher is considered to be a facilitator who leads, 
guides and mediates the learning process to ensure that learning 
becomes a way of life of the pupils. True competent professional 
teachers would never teach in "a one-way process, for they know that 
teaching and learning are interactive" (Holmes Group, 1986:29) 
Tobin's et al. (1994:47) visions of teaching and learning begin with pupils 
who are motivated to learn and teachers who see their roles in terms of 
facilitating learning. Teachers, they believe should exercise less control 
over the pupils and allow them to make decisions in relation to their own 
learning (Tobin et al. 1994:60). The role of the teacher therefore is to 
monitor pupils' understandings and guide discussions so that all pupils 
have opportunities to express their understandings orally or in written form 
and engage in activities such as clarifying, elaborating, justifying and 
evaluating alternative points of view. 
To fit this vision, teachers need to interact with their pupils, negotiate with 
them, ask questions to elicit thinking about their extant knowledge, and 
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constantly learn about which experiences would be most appropriate for 
them to learn. Such efforts maximize teaching and learning (Tobin et al. 
1994:47). 
Having reviewed the opinions of Hyman (1974), Schwab (1983), Holmes 
Group (1986 &1990) and Tobin et al. (1994) it is clear that teaching and 
learning defies the traditional notion of the teacher being the authority 
figure. To be an effective teacher requires much more than following a 
"recipe-like" list of procedures, presenting content from a textbook and 
effectively managing a class. Teachers need to interact with their pupils 
(Hyman, 197 4; Schwab, 1983; Holmes Group, 1986 & 1990 and Tobin 
et al. 1994), consider teaching and learning from a constructive 
perspective (Holmes Group, 1986 & 1990 and Tobin et al. 1994) and 
structure their own learning environments of their pupils as circumstances 
dictate (Hyman, 197 4; Schwab, 1963; Holmes Group, 1986 & 1990 and 
Tobin et al. 1994). 
This research study which involves the teaching of biology, aligns itself to 
the views expressed by Hyman (1974); Schwab (1963); Holmes Group 
(1986 & 1990); Isaac (1990); Van Aswegan et al. (1993) and Tobin et al. 
(1994). It is in contrast to teaching where the teacher is the "key" figure 
who keeps order, plans, develops and presents the lessons in some 
reasonable fashion and thereafter leaves the onus for learning with the 
pupils. Teaching of biology as a science, in this research study is 
characterized by the following: 
(a) A dynamic activity involving a triad of elements i.e. competent, 
professional teachers, motivated pupils and subject matter. 
(b) Focusing on pupils rather than the discipline. 
(c) Using the discipline biology, to allow pupils acquire knowledge, 
develop inquiry skills, develop attitudes and values of biology as a 
science and toward biology as a science. 
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( d) An almost absence of truths or "correct" answers. 
(e) Interacting with pupils to a great extent to ascertain what they 
know and what they are thinking so that planning and 
implementing of strategies based on the needs of the pupils are 
possible. 
(f) Monitoring pupils' understanding and considering optimal ways to 
guide, lead, mediate and facilitate the learning process that leads 
to an understanding of biology as a science in a way that is 
meaningful and enriching, enabling pupils to develop life-long skills 
and improve their quality of life as envisioned in the South African 
government's RDP of 1994. 
3.3 WAYS TO TEACH SCIENCE AS SUGGESTED BY SCIENCE 
RESEARCHERS 
To fulfill the visions of teaching and learning as suggested by the various 
researchers and in the RDP of South Africa, teaching strategies or 
methods of teaching must be planned, with the focus on the pupils, and 
implemented to emphasis the understanding of biology as a science. 
Gess-Newsome (Tobin et al. 1994:68) in 1992 found six variables that 
most strongly influence the translation of subject matter into practice: 
teacher intentions, content knowledge, pedagogical knowledge, pupils 
(students), teacher autonomy and time. Her findings challenge the results 
of earlier studies which assumed that subject-matter structures could be 
directly translated into practice. Subject matters are mediated by context-
specific factors in particular classrooms (Tobin et al. 1994:68). Hence it 
is evident and it must be accepted that no one way of teaching, no one 
·subject curriculum, no one philosophy fits all classroom situations, all 
communities, all subject areas, all teachers (Brandwein et al. 1958:72; 
Schwab, 1963:245; Degenaar, 1986(a):32; Tobin et al. 1994:68). 
Schwab (1966:3-4) says that science should be taught as science. 
Similarly; Renner et al. (1973:176) states that science must be taught as 
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it is practised; i.e. the answers that pupils give should be based upon the 
information, observation and measurements the experiments have given 
them. Isaac (1990:64) and Van Aswegan et al. (1993:11) suggest that the 
teaching should reflect the threefold nature of biology as a science i.e. the 
aims concerned with the acquisition of knowledge, the development of 
inquiry skills and the development of attitudes and values of biology as a 
science and toward biology as a science. These aims as stated earlier 
in Chapter 2 are long term outcomes while objectives are specific 
descriptions of what pupils should be able to do at the end of the lesson 
or at the end of a course of teaching. Since objectives are derived from 
aims and achievement of objectives leads to the achievement of the aims, 
the teaching of biology should attempt to achieve the objectives listed 
under the aims, acquisition of knowledge, the development of inquiry skills 
and the development of attitudes and values of biology as a science and 
toward biology as a science. 
From the discussion thus far it is clear that teaching and learning should 
emphasize understanding biology in a way that is meaningful and 
enriching to a pupil so that the aims and objectives of biology teaching as 
reflected in Chapter 2 would be achieved. Achieving these objectives 
requires careful planning of teaching strategies to enable effective 
teaching and learning. However, important questions to ask now are 
whether the achievement of the broad, general objectives of biology 
teaching as stated in Chapter 2, necessitate~ a swing toward the process-
led approach or whether the teaching of biology should strive to search 
for a balance between process, content and context? However, before 
attempting to resolve these questions it is necessary to discuss the 
process-led approach. 
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3.4 THE PROCESS-LED APPROACH 
In Chapter 2 it was shown that effective biology teaching and learning 
involves the products, the processes and the way of life of the scientist 
(Falk, 1971: 12; Woolnough and Allsop, 1985:78; Yager and McCormack, 
1989:46-47; Bybee and DeBoer, 1994:357-358). However, present 
practices stand in stark contrast to this recommendation. Content 
coverage (the products) is the teachers' highest priority (Wellington, 
1989:8; Kirkham, 1989:136; Van Aswegan et al. 1993:14 and Tobin et 
al. 1994:49). Teaching is the art of delivering all the content i.e. the facts, 
definitions, concepts, theories, models and their terminology. Practical 
work is done to confirm relationships and help with understanding, and 
application of science is included only where the syllabus requires it or 
when a teacher feels that it assists understanding (Kirkham, 1989: 136; 
Van Aswegen et al. 1993:14; Tobin et al. 1994:51). 
According to Kirkham (1989:137) the content-led curriculum has failed, as 
many pupils cannot cope with all the content. He describes it as being 
"cold", "remote" and "irrelevant to the lives" of a large proportion of the 
pupils. Simpson (Wellington, 1989:8) expresses similar feelings when he 
writes that "only a tiny minority of pupils gained a meaningful 
understanding which allowed them to use their knowledge effectively and 
creatively and there were justified complaints that even pupils who 
apparently knew a lot could do very little." Thus these strong arguments 
against a content-led approach necessitated a change. Hence courses 
caricatured as guided discovery and processes of science were 
advocated as opposed to the content-led approach (Wellington, 1989:5; 
Woolnough, 1990a:4). 
The process-led approach was originally developed under the direction of 
the Commission on Science Education of The American Association for 
the Advancement of Science and was known as "Science - A Process 
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Approach". Other process-based projects such as Warwick Process 
Science; Science in Process, the Suffolk Co-ordinated Science 
Development developed later (Wellington, 1989:5; Woolnough, 
1990b:57). The premise of this approach is that science should place 
more emphasis on its methods rather than focusing exclusively on its 
products (Gott and Mashiter, 1990:57). 
According to "Science - A Process Approach" (Van Aswegen et al. 
1993: 15) there are different conceptions as to the meaning of "process". 
The first important meaning of process is what scientists carry out in their 
own scientific activities. These include observing, classifying, describing, 
communicating, drawing conclusions, making operational definitions, 
formulating hypotheses, controlling variables, interpreting data and 
experimenting (Gott and Mashiter, 1990:57-58; Van Aswegen et al. 
1993: 15-18). The second meaning of process refers to human intellectual 
development. According to this view processes are a "way of processing 
information" (Van Aswegen et al. 1993: 15). 
It is felt by the advocates of the process-led approach that if the subject 
curriculum is led in this manner the pupil would develop a sound 
knowledge of science - the products and its methods - the processes (Van 
Aswegen et al. 1993: 15). Thus the arguments for a process-led science 
curriculum (Wellington, 1989: 15) are as follows: 
(a) The content-led approach has failed. 
(b) Science for all necessitates a process-based subject curriculum. 
(c)· The information explosion has made the teaching of facts highly 
questionable. 
( d) Scientific facts date too quickly to form the basis for science 
education. 
(d) Skills, particularly transferable skills, are more relevant to pupils 
than knowledge. 
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This call for a swing toward the process-led approach, however, drew 
numerous criticisms. These criticisms are: 
(a) A process-led approach is equally undesirable and just as likely to 
fail as its content-based equivalent (Wellington, 1989: 18). 
(b) It is misleading to portray the "method of science" as a set of 
discrete processes which begin with observing and leads on via 
classification to inferring and hypothesising. This is essentially an 
inductive view where observation precedes theory. The central 
problem with induction is that there is no certainty that inductive 
generalizations are valid. To overcome this a hypothetico-
deductive view of science is proposed i.e. falsifying an existing 
theory can make progress toward a better one. However, 
dissatisfaction is also expressed with this view because a 
disconfirming observation is never "pure". It depends on theories 
of the observer and it is perhaps these theories and not the theory 
under test which are wrong. Hence, the major problem with the 
inductive view of science and the hypothetico-deductive view of 
science is that they are theory dependent. The "methods of 
science", therefore, operate within a content (theory) acquisition 
framework (Millar, 1989:50-51; Gott and Mashiter, 1990:57-58). 
(c) There is amongst historians, philosophers and sociologists of 
science no general agreement whether science has a method or 
if so what it is. What is accepted is that scientific inquiry cannot be 
pinned down to a set of rules. Doing science is like practising a 
"craft". Hence, tacit knowledge i.e. personal knowledge which one 
knows more of than can tell, affects a scientist's, teacher's and 
pupil's abilities in doing science (Millar, 1989: 51; Wellington, 
1990:6). Reducing science to a series of skills and knowledge 
ignores the importa!lt knowledge built up through years of personal 
experience (Woolnough, 1990a:6). Millar (1990:47) states that the 
process view of science may represent the method of science 
education rather than the method of science. 
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(d) Ignores affective aspects of tacit knowledge e.g. pupils attitudes 
and motivation in a particular task (Woolnough, 1990a:7). 
(e) It fails to assess tacit knowledge (Woolnough, 1990a:7). 
(f) The processes of observing, classifying, inferring and 
hypothesising are features of general cognition and individuals use 
these processes routinely without instruction. There therefore, is 
no need for formal instruction (Millar, 1989:49-56). 
(g) The belief that the processes of science are in some way simpler 
and more accessible to pupils of lower ability is not true. It is 
based on a mistaken conception of science. Firstly, it is based on 
a belief that science proceeds from the concrete to the abstract, 
from the particular to the general and secondly that scientific 
processes such as observation, classifying and so on are 
independent of th~ry. Both these beliefs have been criticized by 
many researchers (Wellington, 1989:9; Millar, 1989:49-56, 
1990:48-49; Gott and Mashiter, 1990:57-58). 
(h) The "information explosion" as an argument for no longer teaching 
facts is weak in that the inability of any one person to know more 
than a small fraction of existing knowledge is not a new problem. 
Retrieval of information is also theory-laden (Wellington, 1989: 10-
11 ; Jenkins, 1989: 41-42). 
(i) There is no empirical and little intuitive evidence to support the 
belief that skills and processes are retained more readily than 
knowledge. If skills and processes learned in school science are 
never subsequently used or applied, pupils are unlikely to retain 
them (Wellington, 1989:12-13). 
0) There is little philosophical or historical evidence to support the 
belief that processes are not tentative in nature. Processes are 
just as tentative as its products (Wellington, 1989: 12-13). 
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(k} The transferability of general skills of planning, observing, 
interpreting, inferring and so on is questionable. There is little 
evidence to support this belief (Wellington, 1989: 14; Woolnough, 
1990a:7}. 
(m} It confuses means and ends. It seeks to involve pupils more 
actively in science and this according to Millar (1989:58) are not 
themselves the ends or goals of science teaching. 
Given these objections and the fact that there is a virtual absence of 
empirical support for this process-led approach, one may now ask the 
following question: "Why has this approach gained such momentum?" 
One obvious explanation is that the process-led approach is a reaction 
against a content-dominated transmission model of science teaching 
(Millar, 1989:58). It is also seen as an active learning approach, seeking 
to involve all pupils in science lessons (Millar, 1989:58). While this 
involvement of all pupils is a welcome development it has to be viewed 
cautiously. It is the opinion of some researchers (Brook et al. 1989:63 
and Kirkham, 1989: 137) that if the process-led approach is to be given its 
rightful place in science education it has to be based on a reasonably 
accurate account of science and science activity. 
3.5 A WAY FORWARD IN SCIENCE EDUCATION 
Suggestions to disentangle the dilemma surrounding the process-led 
approach and seeking a way forward in science education are made by 
various researchers. These are discussed below. 
(a) Identify a much clearer separation between specific skills which 
can be taught, improved and assessed and the more general skills 
which cannot (Millar, 1989:59). The sub-categories of practical 
skills that can be taught and improved and those which cannot be 
taught are shown in Figure 3.2. 
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General cognitive process 
(*observe 
•classify 
• hypothesise 
..................... ) 
" PRACTICAL SKILLS " 
2 
Practical techniques 
(* measure temperature 
with a thermometer to 
within l C 
• separate a solid 
and a liquid by 
filtration ........... ) 
3 
Inquiry tactics 
(* repeat measurements. 
• draw graph to see 
trend in data 
• identify variables to 
alter. measure. control) 
Cannot be taught ~ .... ~------- Can be taught 
and improved 
Figure 3.2 : Sub-categories of "practical skills" (Millar. 1990:51) 
Separation of these skills will enable the teacher to teach pupils to become better 
at skills numbered 2 and 3 and to perform better in tasks which involve these 
skills and processes. This is quite different in content and context from claiming 
to teach "processes". 
(b) Use terminology such as "scientific observing" (rather than observing), 
"scientific classifying" (rather than classifying) "scientific hypothesising" 
(rather than hypothesising) and so on. Scientific observing means to 
teach pupils to become selective because "there is always more 
information available to our senses than we can attend to" (Millar, 
1989:52). Pupils therefore need to be taught to become scientific 
observers and to achieve this teachers need to extend the relevant 
theoretical framework pupils bring to any specific observation task and to 
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present the task in a way which engages the pupil's active attention 
(Millar, 1989:48). 
Scientific classifying involves learning "particular classifications which 
scientists employ and which are established as productive for pursuing 
scientific ends" while scientific hypothesising refers to "forming 
hypotheses which employ scientific concepts and have the purpose of 
seeking to provide general explanations about how the world behaves" 
(Millar, 1989:54 & 56). Both these activities, like scientific observing 
depend crucially on a basis of science content and concept knowledge. 
Teachers therefore can aim to develop and promote these "scientific" 
skills in the relevant theoretical framework that pupils possess (Millar, 
1989:59). 
(c) Consider science as a craft and as a personal activity (Millar, 1989:59; 
Woolnough, 1989: 117). · Doing science is said to involve a mixture of 
feelings, emotions and responses to previous experience i.e. tacit 
knowledge (Woolnough, 1989: 10). Often pupils doing science at school 
and scientists working in a laboratory can choose appropriate material, 
devise and execute a suitable investigation without being able to explain 
their actions explicitly. Tacit knowledge therefore complements what a 
pupil or scientist knows with what they feel and experience. This 
knowledge therefore, must be acknowledged in the science classroom 
and must not remain "untouched by an education based on information 
skills" (Wellington, 1989: 1 O; Woolnough, 1989:60). 
( d) Prioritize the affective aspects of tacit knowledge (Woolnough, 1990a: 7). 
By. allowing pupils to do a wide range of investigations at school they are 
able to build up confidence and self-esteem. This feeling of success and 
satisfaction motivates and commits pupils to further activity and 
Woolnough (1990a:7) states that this ought to be considered as the 
"major factor for improving science education". Also this feeling of 
success and satisfaction are transferable attributes to a wider range of 
situations later. The transferability of the more general skills of planning, 
78 
interpreting, inferring and so on are questionable (Woolnough, 1990:7). 
(e) Practise science as a holistic activity (Woolnough, 1989:115-133, 
1990:181-188). If being good at science means being good at doing 
science in the way that scientists do it, then according to Woolnough 
(1989:118) science has to be approached as a "holistic, problem-solving 
activity dependent on personal qualities such as commitment and 
creativity as well as personalized knowledge". Teaching individual skills 
is scientifically significant but when they are ultimately put together they 
will not "produce competence in the scientific method" (Woolnough, 
1989: 116). Scientists also do not work in a tight prescriptive manner. 
Also advocated when practising science as a holistic activity is a holistic 
style of assessment. In this form of assessment pupils are assessed for 
qualities such as the ability to apply knowledge, evidence of sensible 
scientific behaviour, ability to devise and make use of simple effective 
experiments, variety of worthwhile ideas in-corporated and evidence of 
the appreciation of the meaning of observations and critical evaluation of 
results {Woolnough, 1989: 127). 
From the review concerning the arguments for a process-led curriculum, the 
criticisms against the process-led curriculum, and the suggestions toward a way 
forward, it is clear that neither a content-led curriculum nor a process-led 
curriculum in itself would fit the vision of teaching as described for this study. In 
a nutshell, this act of teaching is described as a dynamic activity involving the 
teacher, the pupil and the subject matter and the role of the teacher is a 
facilitator, a leader, a guide, a friend and a mediator. Constructivism as a 
method and as "a tool for critical reflection" is used to decide which teacher and 
pupil roles are likely to be more productive in given circumstances and how it is 
possible to plan and implement activities that are believed to facilitate learning 
respectively. 
According to Woolnough (1989: 131) the process-led approach would be of value 
to science teaching only in the context of a holistic approach to science and it 
must be seen alongside the other vital attributes needed in the making of good 
scientists, the affective aspects of commitment and confidence, the personal 
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scientists, the affective aspects of commitment and confidence, the personal 
insights which come through formal and informal learning, and the tacit 
knowledge that comes through experience. These aspects must continually be 
interacting, in a flexible and individualistic way throughout the scientific education 
of the pupil. All these aspects will develop in an increasing manner as pupils · 
tackle scientific investigation with self confidence, self-esteem, commitment and 
determination. This act of a pupil's attributes growing through practical science 
as a holistic activity is represented by Woolnough (1989:132) in a spiral 
curriculum model as shown in Figure 3.3. The model illustrates the four aspects 
of the pupil who is learning to be "good at doing science" in "an interactive, 
independent and successively developing" manner (Woolnough, 1989: 132, 
1990b: 187). 
Commitment anc= 
confidence ......... ...,.._~ 
Insights and 
explicit 
knowledge 
X • Extra-curncular expenence. skills 
and preconceptions brought tly 
the student into the lessons. 
Figure 3.3: A spiral curriculum model for learning to be "good at doing 
science" (Woolnough, 1989: 132, 1990b: 187). 
Doing science in the spiral curriculum model starts with a pupil bringing 
a range of preconceptions, skills, expertise and attitudes into the science 
· classroom. This was gained from years of experience in life outside 
school. The experience will include tacit knowledge. Through school 
science, the experience and tacit knowledge will be "used" by the teacher, 
i.e. the teacher would decide which teacher and pupil roles are likely to be 
productive in the prevailing circumstances and thereafter plan and 
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this the pupil's insight and knowledge will grow permitting_ them to engage 
in tackling problems. The affective aspects of interest, enjoyment, 
commitment, perseverance, self-confidence, self-esteem will emerge and 
these aspects will finally bring pupils to tackle scientific investigations as 
a craft and personal activity. As pupils gain experience and confidence 
by tackling scientific investigations, all the other aspects (experience and 
tacit knowledge, insights and explicit knowledge, commitment and 
confidence) will develop in an increasing, but unpredictable, spiral. 
Doing science as a holistic activity therefore involves both the content and 
process equivalent of science, general cognitive processes, skills that can 
be taught and improved through science teaching, practising science as 
a craft and as a personal activity and the affective aspects of tacit 
knowledge. 
Kirkham (1989:148) suggests a "balanced science" education i.e. a 
"context framework" being laid over a "content framework that will co-
ordinate with the "process framework ... for the science curriculum of the 
future". These three dimensions need to be in dynamic equilibrium: "one 
should not be seen as subservient to the other, but each should have its 
part" (Kirkham, 1989: 148). This relationship is shown in Figure 3.4. The 
context in which science education should be presented should relate to 
the individual, to society and to the whole school curriculum (Kirkham, 
1989: 137-143). 
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~ONTENT 
PROCESS CONTEXT 
~--------------------~ 
Figure 3.4: Process, content and context: striking the right balance 
(Kirkham, 1989: 147) 
What has been learned from the review on research on teaching, the 
process-led approach and, suggestions toward a way forward in science 
education is as follows: 
(a) The roles undertaken by teachers depend on the circumstances in 
which teachers and pupils find themselves, 
(b) Each teacher must be responsive to cues that arise as pupils 
undertake learning tasks in a complex social milieu. 
(c) It is not just the case of implementing the process-led approach to 
teaching and manipulating it to create ideal conditions to enhance 
learning in biology. The approach depends on the circumstances 
that prevail in the learning environment e.g. personal insights, 
commitment, confidence, tacit knowledge of teachers and pupils, 
facilities at school, support services from school personnel, 
parents, superintendents of education and the community, 
assessment procedures and the "shape" of the school day (time). 
( d) The context in which the science curriculum is presented should 
relate to the individual, to society and to the whole school 
curriculum. 
82 
( e) The analysis of the process-led approach has "sharpened" 
educators' thinking for biology teaching in the present educational 
context and has provided a help and an aid for remedial help. In 
this sense, it supercedes the conventional dichotomies of content 
and process-led approaches to the teaching of biology as a 
science and therefore the debate in science education over 
whether to emphasize content or process has little meaning since 
the two can never be meaningfully separated. Making sense of 
science according to Tobin et al. (1994:48) is "a dialectical process 
involving both content and process". 
The stance, therefore, taken in this research study is that, it is the 
responsibility of the biology teacher to teach pupils the content of science, 
the processes of science and the way of life of the scientist (Falk, 
. 1971:12; Woolnough and Allsop, 1985:78; Yager and McCormack, 
1989:46-47; Kirkham, 1989: 148; Woolnough, 1989: 117; Klopfer, 
1990:95-96; Bybee and De Boer, 1994:357-358 and Tobin et al. 
(1994:48). The processes of science can be thought of as thinking 
processes such as using the senses to experience, representing 
knowledge through language, diagrams, mathematics and other symbolic 
modes, clarification, elaboration, comparison, justification, generation 
of alternatives and selection of viable solutions to problems (Tobin et al. 
1994:48). Teaching the way of life of the scientist would imply the 
development and improvement of attitudes and values such as 
motivation, determination, commitment, success, self confidence 
(Simpson et al. 1994:2.13). 
Achieving these formidable tasks will in fact be achieving the aims and 
objectives of biology teaching as discussed in Chapter 2. The vision, 
therefore, of what is expected of a biology teacher in today's and 
tomorrow's schools is to improve present teaching strategies or devise 
new ones which will help all pupils who want to learn biology to become 
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new ones which will help all pupils who want to learn biology to become 
more proficient in content, processes and develop worthy attitudes and 
values that can be transferable into a wider range of situations later 
(Klopfer, 1990:96; Woolnough, 1990a:7). 
3.6 RESUME 
The meaning of the concept of teaching as envisioned in the South 
African government's RDP of 1994 and the White Paper on Education and 
Training of 1995 defies the traditional notion of the teacher being the 
authority figure in the classroom. Following a "recipe-like" list of 
procedures, presenting content from a textbook, implementing just the 
process-led approach and effectively managing a class is not considered 
the most effective way for teaching biology in today's and tomorrow's 
schools. 
Major emphasis ought to be placed on the pupil. Teaching and learning 
ought to occur in a culture where the actions of teachers and pupils are 
inextricably linked. The swing toward a process-led approach as opposed 
to the content-led approach to achieve the broad, general aims and 
objectives of biology teaching as discussed in Chapter 2 is shown to be 
undesirable and just as likely to fail as its content-biased equivalent. 
However, advocating a holistic approach to skills and processes 
(Woolnough, 1989, 1990) and a balanced science education involving 
some sort of equilibrium between process, content and context (Kirkham, 
1989) seems to be a "better'' framework for the biology curriculum in the 
present educational context and in future. The next chapter therefore 
involves a discussion pertaining to the various teaching strategies, 
especially investigative project work toward the achievement of the aims 
and objectives of biology teaching which involve the content of science, 
the processes and the development and improvement of attitudes and 
values of biology as a science and toward biology as a science. 
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CHAPTER FOUR 
BIOLOGY TEACHING STRATEGIES AND THE AIMS AND OBJECTIVES OF 
BIOLOGY TEACHING THAT CAN BE ACHIEVED BY THE USE OF THE 
INVESTIGATIVE PROJECT STRATEGY 
4.1 INTRODUCTION 
It is clear from the meaning of the concept of teaching as used in this research 
study that it is ultimately the biology teacher who will have to structure the 
learning environment of the pupils as circumstances dictate. The biology teacher 
will have to plan and implement teaching strategies that would lead to the 
achievement of aims and objectives of biology teaching as discussed in Chapter 
2. According to Degenaar (1986 b: 32) a teaching strategy can be defined as 
a "planned route or method of teaching, implemented to reveal to students, a 
certain snippet of reality in a meaningful and didactically responsible manner, 
within the student's limits of psychic and mental capabilities." 
When undertaking such a role it is important for the biology teacher to expose 
the pupils to the threefold nature of biology as a science. Accordingly, teaching 
strategies need to be discussed to arrive at an idea of what part a particular 
teaching strategy would play toward the achievement of the objectives of biology 
teaching which include the content aspect, the processes and the way of life of 
the scientist. It is however, beyond the scope of this research study to give a 
complete exposition of all the teaching strategies. What follows, therefore is ... 
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(a) a flow diagram showing some types of expository and inquiry 
teaching strategies. 
(b) a clarification of the term "expository teaching strategy" 
( c) a discussion of some of the known advantages and disadvantages 
of expository teaching strategies. 
( d) a list of objectives that could be achieved by expository teaching 
strategies. 
(e) a clarification of the term "inquiry teaching strategy". 
(f) a detailed account of investigative project work as a teaching 
strategy (definitions, characteristics, advantages and aims of 
investigative project work, objectives of biology teaching that can 
be achieved by expository teaching strategies, investigative project 
work, investigative practical work, use of reference material, use 
of original data, use of entire scientific papers and case studies, 
the place and value of investigative project work in the light of the 
other different teaching strategies and shortcomings of 
investigative project work). 
(g) an unanswered question concerning the place and value of 
investigative project work in the teaching and learning of biology in 
secondary schools. 
The list of objectives compiled by Isaac (1990) was deemed useful in this 
research study because of the following reasons: 
(a) It has objectives pertaining to the threefold nature of biology as a 
science. 
(b) It is written in general terms. This implies that it could be used with 
the present South African core biology syllabii and also with the 
"new'' syllabii when devised and implemented. The teacher is also 
provided with an opportunity to prepare his/her own non-
exhaustive list of specific learning outcomes to be performed to 
indicate attainment of the objectives. There is no compulsion on 
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the teacher to attain any or all of the objectives concerned with the 
development of inquiry or attitudinal skills in any specific lesson. 
He/she is free to attempt to attain whichever of these objectives as 
and when he/she pleases as long as he/she ensures that pupils 
attain the objectives at the end of the course. Examiners can also 
go beyond testing for recall. In other words, it permits the teacher 
to structure the learning environment as circumstances dictate. 
(c) It serves as a reference for those inquiry teaching strategies not 
discussed in this research study. Although this study concentrates 
on investigative project work it is important to stress that one 
cannot talk of the project, the lecture, the use of original data and 
so on because specific instances of the project, the lecture and the 
use of original data vary enormously in detail and that it is probably 
best to view a teaching strategy in combination with other 
methods (Adderley et al. 1975:69). A comparison of the 
objectives achieved by a number of different types of teaching 
strategies is therefore envisioned as a help for the teacher to 
choose the best combination that would enable him/her to achieve 
the objectives of biology teaching. 
(d) These objectives are elaborated upon in the provincialized 
standard 1 O biology syllabii for KwaZulu-Natal. The 
implementation date for these new syllabii is January 1996. 
4.2 TEACHING STRATEGIES 
Teaching strategies can be grouped into two broad divisions namely expository 
and inquiry teaching strategies. Each of these broad divisions include specific 
instructional teaching strategies. Some of these strategies, that can be classified 
as expository and inquiry teaching strategies, are shown in the flow diagram 
represented in Figure 4.1. 
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TEACHING 
STRATEGY 
EXPOSITORY 
Lecture Method 
Narrative Method 
Recitation Method 
Verification type 
of practical work 
Investigative practical work 
Use of original data 
Use of entire scientific papers 
Case studies 
Figure 4.1 : Expository and inquiry teaching strategies 
4.3 EXPOSITORY AND INQUIRY TEACHING STRATEGIES 
4.3.1 Expository strategies 
In this way of teaching all the knowledge is obtained from an authoritative source 
(Van Aswegen et al. 1993:75). This may be from a textbook, a worksheet or 
from a teacher (Isaac, 1990:65; Van Aswegan et al. 1993:75). Expository 
teaching strategies such as the lecture method and the verification type of 
practical work are according to Isaac (1990:65) characterized by the following: 
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(a) A large proportion of teaching time taken up by the facts, concepts 
and principles "exposed" step-by- step explanation on the part of 
the teacher, or by the conventional lecture. 
(b) Little or no reference to the tentative nature of science. 
(c) Questions mainly designed to obtain responses based on the body 
of information taught. 
( d) Practical work designed mainly to verify information already learnt. 
( e) The use of practical sheets with detailed step-by- step instructions 
of procedures to be used, precautions to be observed, 
observations to be made, data to be collected and methods of 
recording and analysing data. 
(f) Limited or no pupil-initiated discussions. 
(g) Lack of pupil-initiated discussions. 
According to Clark and Starr (1986:243) most teachers find lectures "almost 
indispensable for certain purposes". They use them to introduce activities or 
units, to motivate pupils, to sum up, to explain difficult points, to bridge gaps 
between units or topics, to establish a general or a different point of view, to 
provide informatio_n other wise not readily available, to provide additional 
information and to propose a theory. Woodburn and Obourn (1965:299); Isaac 
(1990:66); VanAswegen et al. (1993:76) and Tobin et al. (1994:51) add that it 
is useful to present a closely knit and organised body of information in the least 
possible time to enable the teacher to save time and "cover the content" to 
produce good results in tests and examinations. To present content to large 
classes since it is extremely difficult to do individual work with very large numbers 
of pupils and to overcome the problems related to accessibility to apparatus and 
material, purchasing of material and moving about of equipment are cited as 
added· advantages of the lecture method (Van Aswegan et al. 1993:76). 
According to Wilkinson (Chacko Chacko, 1993:47) verification-type of practical 
work allows pupils to learn by doing, to handle material and apparatus, to follow 
instructions and logical sequences, to acquire practical experience of the 
scientific way of thinking and to allow all pupils (those scientifically orientated and 
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those not scientifically orientated) to profit from the knowledge gained and 
appreciate the contribution science makes to their lives. To these advantages 
maybe added to those of Tricker (1967:83) and Nedelsky (1965:75). According 
to Tricker (1967:83) it may be used to verify a result by alternative methods and 
to verify the applicability of a theoretical result. Nedelsky (1965:75) states that 
it allows many more different kinds of exercises to be done in a specified time 
and that the cost in terms of equipment, space and supervision is less than that 
of the investigative type of practical. In spite of these values of expository 
teaching strategies thus far discussed, it has been downgraded by many 
researchers. (Dressel, 1960; Szenti-Gyorgyi, 1964; Woodburn and Obourn, 
1965; Schwab, 1966; Anderson, 1968; Abercrombie, 1969; Moll and Allen, 
1982; Isaac, 1990; Leonard, 1991; Tobin et al. 1994, Yager and Huang, 1994 
and Matlock, 1995). It is said to be doubtful whether these strategies alone are 
sufficient for the development of inquiry and attitudinal skills (Isaac, 1990:66). 
Clark and Starr (1986:243) refer to lectures as "sterile learning" preventing pupils 
the opportunity to explore, to think, or to interact. Pupils are seen as just passive, 
non curious receivers of knowledge. Imparting of higher cognitive skills are also 
seldom encountered (Tobin et al. 1994:50). Although pupils are involved in the 
development of manipulative skills, Anderson (1968:634) by contrasting the 
scientist in the research laboratory and the pupil (student) in the classroom 
laboratory, as shown in Table 4.1, is of the opinion that very little is achieved in 
the development of inquiry and attitudinal skills. 
TABLE 4.1: Contrast between the scientist in the research laboratory and the student 
in the classroom laboratory 
Research Classroom 
Laboratory Laboratory 
Scientist (S) or Student (S) or Lab 
Technician (T) Manual (M) 
or Teacher 
Defining a problem s M 
Formulating hypothesis s M 
Designing experiment s M 
Collecting data T s 
Formulating conclusions· s s 
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From Table 4.1 it can be seen that the inquiry has been carried out by the 
teacher or the person who wrote the "laboratory manual" and that the 
pupil (student) did the technician's work. Leonard (1991 :84) associates 
three major problems with the verification type of practical. One is that 
there is little focus or advance organizing for the pupil. This prevents 
pupils from recognizing and selecting relevant from irrelevant information 
or procedures at appropriate times during the investigation. It also tends 
to prevent building a conceptual framework to which pupils can connect 
new laboratory experiences. The second problem is that procedures in 
the "manual" or worksheet are so laden with detailed instructions that 
there is only time for the pupil to follow the instructions and complete the 
task in the required time. The human brain is said to be capable of 
handling only a certain amount of input at any given time and this 
threshold is often exceeded while a pupil is working from a prescriptive 
"manual" or worksheet. The third problem is that it is "numbifying" and is 
tediously boring causing many pupils to dislike science. Yager and Huang 
(1994:100) add that presenting pure content for mastery limits pupils' 
interest and motivation for indepth exploration and it is said to be 
ineffective for educating future citizens to live and act differently. It is from 
these strategies, according toMatlock (1995:167-168) that pupils learn 
that science is based on authority and that it is too difficult for the common 
person to understand unless explained by the "authority". The pupils are 
hence not given the opportunity to do science the way practising scientists 
experience it. 
From the preceding discussion and according to Isaac's research findings 
(1990:68-69) expository teaching strategies can therefore be used to achieve the 
following objectives: 
1. Ability to recall information(terms, structures, functions , classification 
properties, life cycles, processes, names of apparatus, chemicals, 
specimens laboratory procedures, precautions, etc.) . 
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2. Ability to show relationship between form and function, between 
organisms and their environment, amongst organisms and between 
processes. 
3. Ability to demonstrate knowledge and understanding to the personal, 
social, economic and technological applications of biology. 
4. Ability to explain the major themes of biology e.g. evolution, homeostasis, 
continuity of life and energy flow. 
5. Ability to perform basic laboratory skills such as slide preparation and use 
of the microscope. 
6. Ability to select and use the correct apparatus to carry out investigations/ 
experiments. 
7. Ability to make observation and record these in the form of drawings, 
diagrams, tables, graphs and paragraphs. 
8. Ability to exercise responsibility in the handling of chemicals, specimens 
and apparatus (i.e. uses materials sparingly, exercises necessary care 
and safety precautions, considers the safety of others, avoids damage to 
equipment. 
9. Ability to keep work place neat and tidy. 
In some cases it may also lead to the development of the following objectives : 
10. Ability to make accurate calculations. 
11 . Ability to solve numerical problems. 
Yager and Huang (1994:98) differ with Isaac with regard to the inclusion of 
objective number 3. These authors state that expository teaching strategies fail 
to provide the opportunity for pupils to develop a rational basis for applying 
scientific knowledge to their own daily lives and for interpreting current 
technological innovations. It also fails to consider the personal needs of pupils 
in understanding future events or technological advancements. Isaac's rationale 
for the inclusion of this objective is that acquisition of content will have little 
relevance to pupils unless it can be shown to have personal, social and 
economic application (Isaac, 1990:57). 
92 
From the foregoing paragraphs and according to various writers (Abercrombie, 
1969: 16; Glass, 1962:20; Klopfer and Watson, 1957:264; Moll and Allen, 
1982:97 and Carrick, 1987:89) it seems that expository teaching strategies may 
not achieve any other objectives other than those listed. The teaching of content 
alone is shown to be insufficient as a strategy for the development of any other 
inquiry or attitudinal skills. 
4.3.2 Inquiry teaching strategies 
It also seems obvious, from the foregoing paragraphs, that pupils would have 
"learned science" by expository teaching strategies but development of a large 
proportion of either the inquiry skills or the scientific attitudes and values 
displayed by scientists cannot be expected to occur. Opportunities therefore 
must be provided for pupils to engage in inquiry (Gagne, 1963:144; Klopfer and 
Watson, 1957:264). The notion of inquiry was introduced to education by John 
Dewey. However, it was Joseph Schwab who operationalized inquiry and 
actually demonstrated the potential role of inquiry in education in general and in 
biology education in particular (Tamir, 1990:41). Schwab's ambiguous phrase, 
"the teaching of science as enquiry" could mean first a process of teaching and 
learning which is itself an inquiry and it means second, instruction in which 
science is seen as a process of inquiry. Schwab (1963:40) says that the 
essence of teaching science as enquiry is to show conclusions in the framework 
of the way they arise and are tested. This would mean to tell the pupils about the 
problems posed and the experiments performed, to indicate the data thus found 
and to follow the interpretation by which these data were converted into scientific 
knowledge. Anderson (1968:634-635) in a discussion of teaching the nature of 
science· also emphasizes the aims and methods employed by the scientist. 
Gagne ( 1963: 145) makes this statement about various authors writing about 
inquiry: "I judge them to mean, that what it is is a set of activities characterized 
by a problem-solving approach, in which each newly encountered phenomenon 
becomes a challenge for thinking". Inquiry in science is therefore not always 
associated with experiments. Learning by inquiry may not require any hands-on 
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activities (Birnie and Ryan, 1984:31 ). Thus there are many ways to teach 
science as inquiry, ranging from lectures presented and texts written as 
narratives of inquiry, on the one hand, to individual investigative projects on the 
other hand {Tamir, 1990:40). Birnie and Ryan (1984:32) and Tamir {1990:40) 
state that the closer teachers get to use individual projects or activities where all 
the ''work" is done by the pupil, the more opportunities they offer for learning by 
inquiry. Teaching by inquiry may therefore, engage pupils under the guidance 
of the teacher in an investigation which leads to the invention of concepts as well 
as to discussion/s which clarifies the meaning of the concepts and their 
applications {Tamir, 1990:41). Welch et al. {1981:35) also view inquiry 
classrooms as one which reflects a variety of methodologies-discussions, 
investigative laboratories, student-initiated enquiries, lectures, debates where 
"teachers serve as models in deliberating issues, in examining values, in 
admitting error and in confronting areas of their own ignorance ... " and where 
students ask questions without fear. Risk taking is encouraged and students' 
opinions are listened to, clarified and deliberated by frequent student - student 
discussions. Classroom activities involve a thorough analysis of all events rather 
than the need to finish the text. Inquiry is thus concerned with students 
developing meaning. Isaac (1990:70-71) summarizes characteristics of inquiry 
teaching strategies as follows: 
{a) Step-by-step explanation limited to a few difficult concepts. 
(b) Frequent reference to the nature of science. 
{c) Questions based on the identification of new problems, postulating 
hypotheses and suggesting experimental design. 
( d) Regular use of experimental data. 
( e) Use of historical documents to illustrate the trials and tribulations 
of the men and women of science. 
{f) Practical work designed to investigate problems the answers to 
which are not already known. 
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(g) Practical worksheets largely open-ended, especially with regard to 
the procedures to be used in gathering data and the manner in 
which the data should be recorded and analysed. 
(h) Frequent pupil-to-pupil interaction. 
(i) Frequent pupil-initiated discussions. 
As seen from the above characteristics and in agreement with Welch's et al. view 
(1981:35) and Tamir's view (1990:41), the term inquiry teaching strategy 
encompasses therefore more than one method of teaching. Thus Adderley et 
al. (1975:5) state that "some mixture of methods appropriate to the goals, aims, 
objectives and social and intellectual style of a department may be needed". In 
the teaching of biology Voss and Brown (1968:10) add that "in all of the 
approaches in teaching biology there must never be a deviation from the primary 
emphasis in which inquiry is the means of acquiring significant knowledge about 
living things". While this may be recommended, some reservations are 
expressed about this teaching strategy (Tamir, 1990:42). The four common 
reservations are: 
(a) This kind of teaching is very time consuming and covering the 
prescribed syllabus would be difficult. 
(b) Only above-average pupils can learn this way. 
(c) It is difficult for teachers to teach this way. 
( d) This kind of teaching requires careful preparation. 
With reference to the above reservations, Tamir (1990:42) agrees that it is too 
time-consuming and that time does not permit to teach everything in this manner 
but nevertheless he states that it should be attempted at least once every three 
to four weeks to provide an opportunity for pupils to experience and practice 
inquiry skills. He goes on to state that this teaching strategy is very effective for 
all kinds of pupils since it is "technically possible to match each student's learning 
to individual traits and needs, that teachers can learn from others or on their own 
how to teach biology as inquiry and that while initial preparation does take long, 
it becomes familiar and requires no further preparation after employing the 
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strategy several times (Tamir, 1990:41-42). Romey (1968:37) also agrees that 
inquiry teaching strategies are too time consuming but he points out that the 
amount of regression or forgetting is significantly greater when expository 
teaching strategies are used than when inquiry methods are used as shown by 
Figure 4.2. 
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Regression (forgetting) curves for the "lecture approach" and the 
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N.B. In the above graphs, the length of the y-axis is proportional to the amount of material 
covered in two courses of equal length. 
Inquiry teaching is therefore valued more than expository teaching. The basic 
difference, then between expository and inquiry teaching strategies concerns 
how pupils come to obtain information. In expository strategies the teacher 
provides the information while in inquiry strategies the pupils will have to obtain 
most of the information for themselves. Obtaining the information is not the only 
concern but with inquiry strategies come the interest, fun and usefulness 
associated with the teaching of biology (Yager et al. 1988:174). Moreover, these 
strategies develop independent "life-long" learners (Birnie and Ryan, 1984:32). 
Investigative practical work, investigative project work, use of reference material, 
use of scientific papers and case studies are therefore viewed as some of the 
main ways a teacher may use to develop a larger range of the objectives of 
biology teaching, especially those concerned with the development of inquiry and 
attitudinal skills (Isaac, 1990:72). 
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4.4 INVESTIGATIVE PROJECT WORK 
4.4.1 Definition/characteristics of the term, project 
According to Dowdeswell and Harris (1979:203) attempting to define a project 
is rather like trying to define "life". There is no single description that covers all 
aspects. Like life, projects are said to manifest themselves in many different 
ways. Similar sentiments are also expressed by Harding (1973:94) and Williams 
(1984:1-2). Williams (1984:1-2) conducted a survey amongst British and 
Jamaican pupils to ascertain what they considered to be a project. Some of the 
replies were as follows: 
• 'We find out answers for ourselves - we consult books and 
newspapers and ask our grandparents what life used to be 
like under the British". 
• "It's thinking for ourselves about things that matter to us. 
Miss doesn't mind much if we don't agree with her". 
• "Its learning to work with other people and do things for 
them". 
• "We study things and we think about them and we don't 
have to learn by heart so much". 
• "Its knowing the right question to ask that's important 
because it shows you the problems; but there isn't always 
an answer". 
• "Its learning to understand charts and graphs, and the ways 
in which you can be misled by things in papers and 
magazines". 
These comments indicate clearly that there is no uniformity concerning a 
definition of the term, project but all have some "element of truth in them" 
(Williams, 1984:2). Even teachers when asked to define a project found it hard. 
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Most of them related it to "learning by doing or to some form of discovery or 
structured learning" (Williams, 1984:2). 
A historical review on the project method of teaching indicates that the term 
project was first used by the United States Department of Agriculture as an 
outlined plan for carrying out a piece of co-operative work (Stevenson, 1928:40). 
The designation "home project" was used in 1908 in connection with agriculture 
in secondary schools in Massachusetts by Stimson, Snedden, Prosser and Allen 
(Stevenson, 1928:41). Since its use in Massachusetts, the term with many 
variations in meaning has been applied to many of the subjects offered at 
secondary schools and tertiary institutions (Stevenson, 1928:42). The term was 
first borrowed by secondary school teachers of science and manual arts because 
its use by experimental agricultural stations suggested that it could be valuable 
in the practical aspect associated with science and manual arts (Stevenson, 
1928:42). Stevenson (1928:43) proposed the following definition of the term, 
project: "A project is a problematic act carried to completion in its natural setting". 
This definition provides for the active participation of the pupil or small group of 
pupils as against the passive absorption of information and for the development 
of the problematic situation demanding reasoning rather than the mere 
memorizing of information. The problem aspect of the project implies that the 
method of arriving at solutions or results involve the development of principles 
when needed in the persecution of work and not learned first and then 
applied. The term "natural setting " means that the solutions undertaken in 
school are no different from the ones that come up in life outside the school. 
(Stevenson, 1928:43,49-50). 
Several other definitions were later proposed by teachers interested in general 
education theory. Some of these proposals are as follows: 
(a) Charter's view of the project (Stevenson, 1928:55) is "an act 
carried to completion in its natural setting and involving the 
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solution of a relatively complex problem'! 
(b) Kilpatrick's proposal (Stevenson, 1928:57) is "a complete act (or 
experience) which the agent projects, purposes and within limits 
sees through to completion". 
(c) Stone's definition (Stevenson, 1928:64) is a life topic in which the 
processes and objects of learning are largely mutual". 
Definitions proposed by teachers of science are not really definitions but 
characteristics associated with projects. These include the ones by Mann 
(Stevenson, 1928:76), Woodhull (Stevenson, 1928:79),Drushel (Stevenson, 
1928:79), Dowdeswell and Harris (1979:20), Wilmut (1973:128), Harding 
(1973:94-95), Good (Williams, 1984:2) and Miller and Blaydes (Van Aswegan et. 
al. 1993:80). 
Mann (Stevenson, 1928":76) states that a project involves the following: 
(a) A desire to understand the meaning and the use of some fact 
phenomenon or experience. This leads to questions and 
problems. 
(b) A conviction that it is worthwhile and possible to secure an 
understanding of the thing in question. This causes one to work 
with an impelling interest. 
(c) The gathering from experience, books and experiments of the 
needed information to answer the question in hand. 
Woodhull (Stevenson, 1928:77) indicates that the project method is nothing more 
than the method of scientist adapted to children. This method according to 
Meister (Stevenson, 1928:77-78) is ... 
(a) a state of perplexity. 
(b) an intense enthusiasm because this perplexity is the result of a 
real, pressing vital difficulty. 
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(c) clearly defining the difficulty. 
Planning and implementing a process which scientists use is automatic and is 
one which can involve a rapid suggestion, supposition, guess, hypothesis, or 
theory pending further evidence, a reasoning out of the implications of each 
suggestion and deliberately and cleverly arranging conditions in accordance with 
requirements of any of the suggestions to see what results occur and weed out 
false suggestions. This method of the scientist as outlined above is therefore not 
just a "series of steps" which is severely critised by writers such as Medawar 
(1969: 11) and Millar (1989:49-50). In a nutshell, it represents a way of life of the 
scientist. Furthermore, Woodhull adds to his definition of the project by 
contrasting the project with a "topic". The word topic implies expository teaching 
strategies. He notes four major differences between these strategies, i.e. 
(a) The project originates in some question and not in a logical 
sequence of ideas as maybe found in expository teaching 
strategies. By the latter strategies, pupils are induced to accept 
the teachers' ideas as their own projects. 
(b) The project involves the active and motivated participation of the 
pupil in executing the task. It does not, therefore, like expository 
teaching strategies lend itself to didactic formal lessons where the 
teacher does all the talking and explaining and the pupil passively 
absorbs information. 
( c) Projects furnished a basis for the selection of facts according to the 
value or significance. Expository teaching strategies furnish no 
such basis for selection. 
( d) The project seldom ends in a complete, final or 
absolutely finished conclusion. 
Drushel's definition of the project is " a concrete problem outlined sufficiently fully 
and clearly to enable the student, for whom it is designed to carry out" 
(Stevenson, 1928:80). 
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Another definition of the school project is the one proposed by Randall. He 
defines it as 11 a problem, the solution of which results in the production of some 
object, or knowledge of such value to the worker as to make the labor involved 
seem to him worthwhile" (Stevenson, 1928:80). 
Dowdeswell and Harris (1979:204) view projects as work involving pupils working 
independently or in small groups of two or three at the most. The teacher's role 
is mainly advisory and stimulatory instead of being authoritarian and dogmatic. 
The project also involves investigation and the solution of a problem. The end 
product is clearly defined and may take the form of a report or physical model or 
both. 
Most projects they state call for behavioural attributes such as creativity, 
enterprise, persistence and dedication in pupils. A further activity involved in 
project work is decision makirig. Compared to other teaching strategies, the 
project requires pupils to make decisions and to liye with their consequences. 
According to Harding (1973:95) there are two broad categories of projects viz. 
experimental investigation and design studies. In the former, a pupil is faced with 
a problem structured to demand experimental activity and inductive analysis from 
results obtained. Design studies pertain to industrial situations and will therefore 
not be elaborated upon in this research study. 
Wilmut (1973:128) states that "a project represents a departure from the normal 
methods of teaching and learning in that it allows a pupil a greater measure of 
control over an experimental situation than he would normally get. 11 Projects are 
therefore essentially pupil-directed. 
Good (Williams, 1984:2) defines the project as "a significant practical unit of 
activity having educational value and aimed at one or more definite goats of 
understanding; it involves investigation and solution of problems and, frequently, 
the use and manipulation of physical materials; planned and carried to 
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completion by the pupils and teacher in a natural "real life" manner''. 
Not all projects, however, involve the manipulation of physical materials but 
according to Adderley et al. ( 1975: 1) projects commonly have the following 
characteristics: 
(a) They involve the solution of a problem often, though not 
necessarily set by the student himself. 
(b) They involve initiative by the student or group of students and 
necessitate a variety of educational activities. 
(c) They commonly result in an end product (thesis, dissertation, 
report, dossier, design plans, computer programme, model, oral 
report). 
( d) Work often goes on for a considerable length of time though the 
time span may range from a single afternoon to three years. 
(e) Teaching staff are involved in an advisory, rather than an 
authoritarian, role. The pupil is responsible for making decisions. 
Lastly but not least, Miller and Blaydes (Van Aswegen et al. 1993:80) describes 
the project as an "extended problem or series of related problems that are 
outgrowth of the pupils' own interest and endeavours at problem solving". 
Looking back at the pupils' comments (Williams, 1984:1-2) and those of the 
various writers (Stevenson, 1928; Charter, 1918; Kilpatrick, 1918; Stone, 1918; 
Mann, 1916; Woodhull, 1917; Drushel, 1918; Randall, 1915; Dowdeswell and 
Harris, 1979; Wilmut, 1973; Harding, 1973; Good, 1973 and Miller and 
Blaydes, 1962) permits this research study to use the term investigative project 
work as an inquiry strategy of teaching biology that excludes collections (such 
as collection of insects) and constructions (such as the model of the heart) and 
to characterize it by the following: 
(a) A highly responsible form of practical investigation in the study of 
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biology, done by the pupil and guided by the teacher. 
(b) Pupil posed with a problem and thereafter involvement in the 
complete inquiry process - assuming, observing, inferring, 
hypothesizing, designing of observation, designing of experiments, 
identifying and controlling experimental variables, testing of 
hypothesis, recording of data (statements, tables, graphs), 
analysing of data (statements, tables, graphs); determining 
accuracy of data, identification of limitations and assumptions, 
drawing conclusion/s, and making recommendations. 
(c) Devoid of authoritarian answers to biology questions and answers 
are generally not found in other people's work, 
(d) There may be no answer or solution at all in the end. 
(e) Formulating of new questions. 
(f) Pupils identifying and accepting failure. 
(g) Frequent pupil-to~teacher interaction. 
(h) Frequent pupil-to-pupil interaction. 
(i) Frequent pupil-initiated discussions. 
U) Some kind of end product such as a report in oral or written form 
whereby a pupil gives his/her own information and balanced 
judgements. The information includes a choice and formulation of 
the research topic, choice and description of research procedures 
(methods) and apparatus; the way apparatus have been used, 
results/findings and an appropriate analysis of the research study. 
4.4.2 Advantages of project work 
Teachers who use the project method, either alone or in conjunction with other 
teaching strategies do so because they believe it has some or all of the following 
advantages: 
(a) Encourages pupils to make their own choice of a problem of study 
and thus stimulate their interests and encourage a sense of 
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commitment and personal responsibility for the task rather than the 
ritual performance of a task where the only responsibility is seen 
as meeting the teacher's requirements (Adderley et al. 1975: 14; 
Williams, 1984:9; Powell, 1987:218 and Van Aswegen et al. 1993: 
74). 
(b) Demands participation, action and involvement rather than the 
mere transfer of information. It enables pupils to build up their own 
concepts. (Adderley et al. 1975:15 and Williams, 1984:10). 
(c) Gives pupils practice in learning and developing processes and 
scientific attitudes and values rather than just the products of 
science. It entails activities such as planning the work, hunting out 
sources, collecting material, evaluating material, selecting relevant 
material, deciding on methods, apparatus and presentation of 
material, presenting findings and making balanced judgements. It 
permits pupils to develop problem-solving skills. Independent and 
critical thinking are encouraged and accepting failure and 
developing self-confidence, independence and resourcefulness are 
also learned and developed (Stevenson, 1928: 121-131 ; Adderley 
et al. 1975:14; Dowdeswell and Harris, 1979:206-207; Williams, 
1984:9; Hussain, 1989:144; Bliss, 1990:391-392 and Van 
Aswegen et al. 1993:82). This strategy, in other words provides 
pupils an opportunity of "learning for life" (Williams, 1984:9). 
(d) Enables pupils to experience the satisfaction of working on a 
complex task independently or in small groups over a period of 
time with the possibility of producing a result of permanent value 
and interest to themselves and others rather than the performance 
at regular or irregular intervals of unconnected exercises which, 
however conscientiously performed, rarely lead to any but throw-
away results (Adderley et al. 1975: 14; Williams, 1984:9 and 
Stevenson, 1928: 136). 
(e) Provides scope for a degree of co-operation among pupils who 
work as a team where each member contributes accordingly to 
ability and where collaboration can mean the difference between 
success and failure rather than purely private work in which 
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competition with others takes precedence over the work itself 
(Adderley et al. 1975: 14 and Williams, 1984:9). 
(f) Provides an opportunity for pupils to express creativity and for the 
practice of communication skills in a framework where language is 
used in a number of ways for real communication i.e. seeking 
information, oral and written reporting, discussing, synthesizing, 
revising, editing and so on rather than merely reporting to the 
teacher orally or in written form something that he/she read in a 
textbook or verified in the laboratory or something that the teacher 
probably told the pupils in the first place (Adderley et al. 1975: 15; 
Powell, 1987:218). 
(g) Provides an opportunity for pupils to practice methods that enable 
them to seek answers for pressing issues in their personal life 
rather than what is required in the syllabus (Powell, 1987:218 and 
Van Aswegen et al, 1993:82). Scientific principles are thus made 
more meaningful (Van Aswegen et al. 1993:82). 
(h) Gives freedom from the constraints of a traditional examination or 
class test and it could very likely be the driving force to stimulate 
a pupil into a continuous pursuit of knowledge rather than the 
tyranny of trying to just recall facts (Powell, 1987:218 and Williams, 
1984:10). 
From the above advantages it is therefore evident that project work, like other 
forms of inquiry teaching and learning is characterized by activity rather than 
passivity on the part of the pupils and that it can help develop a larger range of 
objectives of biology teaching than expository strategies. However, before 
attempting to see which objectives of biology teaching could be achieved by 
project work it is necessary to view aims of project work and then translate them 
into objectives that can be achieved by investigative project work. 
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4.4.3 Aims of project work 
Adderley et al. (1975:20-23) translates the many advantages which have been 
claimed for project work over traditional expository strategies into a list of aims 
which identify special features of projects. The aims of project work according 
to them can be classified into the following main groups: 
(a) Involvement 
(b) Skills for independent work 
(c) Skills for group work 
(d) Skills for effective communication 
( e) Knowledge 
(f) Personal development 
Specific aims for involvement (1-6), skills for individual work (7-19), skills for 
group work (20-23) skills for effective communication (24-26), knowledge (27-32) 
and personal development (33-35) are as follows: Project work should enable 
the pupils to ... 
1. commit himself/herself wholeheartedly to a piece of work by 
allowing him/her to make his/her own choice of a study topic. 
2. select realistically areas within which he/she can work. 
3. take responsibility for making decisions which he/she must later 
justify. 
4. give rise to enthusiasm for the work being done. 
5. gain satisfaction in meeting a challenge over a period of time and 
producing a result of permanent value and interest to 
himself/herself and others. 
6. be creative, or to develop ideas on a knowledge of the topics 
and/or on a study of its literature. 
7. recognize a problem or a task. 
8. define a problem or a task. 
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9. use his/her initiative and resourcefulness. 
1 O. plan his/her work. 
11. analyse the factors involved in solving a problem noting any inter-
dependencies and constraints. 
12. hunt out sources, collect data or material in a systematic manner. 
13. select relevant material and reject the remainder. 
14. generate material or data by making investigations and analysing 
the results. 
15. synthesize his/her findings and formulate conclusions. 
16. integrate data from a number of sources. 
17. be critical. 
18. use his/her common sense e.g. to be realistic in 
(i) seeking further advice or 
(ii) knowing when to stop. 
19. present his/her findings in an appropriate form and to communicate 
them clearly. 
20. co-operate with others. 
21. manage people and direct the operations they perform. 
22. chair a discussion group. 
23. participate in discussion and to share in decision-making 
processes. 
24. exercise tact and diplomacy. 
25. develop oral skills by argument and discussion with colleagues and 
teachers, supervisors, and judges. 
26. develop written and organizational skills by discussing the problem 
together with any limitations of the solution clearly and logically in 
a formal report/essay/published paper. 
27. facilitate a degree of genuine communication in the language being 
studied by writing about a subject of real interest for a real 
audience. 
28. become familiar with the methodology of his/her subject and 
certain devises such as a computer, or conceptual tools such as 
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statistical analysis. 
29. to deepen his/her understanding of the subject. 
30. become familiar with a number of facts, views in situations. 
31. become aware of the costs or constraints of solving problems in 
terms of time, material, labour, overheads etc. 
32. learn to locate and use literature of his/her subject. 
33. acquire factual knowledge relating to his/her subject. 
34. acquire personal qualities such as resourcefulness, self-
confidence, clear thinking, and ability to work with others. 
35. realistically assess his/her capabilities and better equip him/her to 
face the challenges of life by helping him/her to accept his/her own 
limitations and to become aware of when and how to seek advice. 
The following aim (Powell, 1987:218) can be included under personal 
development: 
36. stimulate a continuous pursuit of knowledge. 
4.4.4 Objectives of biology teaching that can be achieved by investigative 
project work 
From the review of the advantages and aims of investigative project work and 
according to Isaac's research findings (1990:79-80, 94-95) investigative project 
work can be used to achieve the following objectives: 
1. Ability to recall information (terms, structures, functions 
classification, properties, life cycles, processes, names of 
apparatus, chemicals, specimens, laboratory procedures, 
precautions, etc.). 
2. Ability to show relationship between form and function, between 
organisms and between processes. 
3. Ability to demonstrate knowledge and understanding of the 
personal, social, economic and technological applications. 
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4. Ability to explain the major themes of biology e.g. evolution, 
homeostasis, continuity of life and energy flow. 
5. Ability to identify problems. 
6. Ability to formulate hypotheses. 
7. Ability to design experiments or investigations to test hypotheses. 
8. Ability to select and use the correct apparatus to carry out 
investigations I experiments. 
9. Ability to make observations and record these in the form of 
drawings, diagrams, tables, graphs and paragraphs. 
10. Ability to obtain information from reliable sources such as texts, 
journals, etc. 
11. Ability to select and organise information relevant to a particular 
theme, topic or problem. 
12. Ability to make accurate calculations. 
13. Ability to solve numerical problems. 
14. Ability to generalize, summarize, draw conclusions, make 
deductions, form inferences, evaluate non-numerical and non-
graphical information and make decisions based on it. 
15. Ability to generalise, summarize, draw conclusions, make 
eductions, form inferences, evaluate numerical and raphical 
information and make decisions based on it. 
16. Ability to communicate ideas orally and in writing. 
17. Ability to carry out biological activities enthusiastically. 
18. Ability to persist and pursue work to its successful conclusion. 
19. Ability to represent all observations honestly and objectively. 
20. Ability to show respect and tolerance for the point of view of others. 
21. Ability to work willingly in co-operation with others. 
22. Ability to show initiative, resourcefulness, creativity and imagination 
in the approach of others. 
23. Ability to show appreciation for the importance of investigatory 
work in the study of biology. 
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The twenty three objectives listed above were selected from Isaac's list of 
objectives for biology teaching. These objectives are very similar to the ones 
compiled in this research study in Chapter 2. The objectives selected from the 
list compiled in this research study which can therefore be achieved by 
investigative project work are ... 
1. ability to recall information (terms, symbols, formulae, drawings, 
labels, diagrams, structures, functions, properties, life cycles, flow 
diagrams, processes, names of apparatus, chemicals, specimens, 
laboratory procedures, precautions, results of investigations 
/experiments. 
2. ability to show relationships amongst living organisms, between 
organisms and their environment and between processes. 
3. ability to explain major themes of biology such as evolution, 
biodiversity of plants and animals, homeostasis. 
4. ability to demonstrate knowledge and understanding of personal, 
social, economic and technological applications of biology. 
5. ab.ility to apply what has been learned in one example to a new 
situation (investigative situations and everyday situations) 
6. ability to identify problems. 
7. ability to formulate and screen useful hypotheses. 
8. ability to design experiments appropriate to a problem. 
10. ability to select and use correct apparatus to carry out 
investigations I experiments. 
11. ability to select and organise information relevant to a particular 
theme, topic or problem. 
13. ability to make observations (describe accurately, note similarities 
and differences, changes in size and shape etc.). 
14. ability to record data in the form of statements, drawings, tables, 
graphs, 3-D construction . 
15. ability to interpret and learn from investigations (select relevant 
data, summarize, calculate, analyse, devise key, construct flow 
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chart, construct mind maps, solve problems, recognize trends, 
sequences and patterns, generalize, infer, deduce, evaluate, show 
relationship between hypotheses and interpret data, suggest 
modifications and work and make improvements for further work 
and make decisions based on it). 
16. ability to communicate ideas orally and in writing. 
20. ability to consider various alternative viewpoints concerning 
science-related personal issues and social issues. 
22. ability to show enthusiasm for science. 
23. ability to develop independent thought, self-confidence, self-
motivation, and an acceptance of responsibility for one's own 
learning. 
24. ability to persevere in face of difficulties. 
25. ability to represent all observations honestly and objectivelyo 
28. ability to show respect and tolerance for the point of view of others 
29. ability to work willingly in co-operating with others. 
32. ability to be willing to predict, speculate and take "intellectual risks'~ 
33. ability to accept scientific enquiry as a legitimate way of thinking 
about issues and problems . 
34. ability to recognize the role of science and technology in shaping 
society and our material well being. 
On the basis of the literature survey discussed thus far, it seems that the 
following statements concerning investigative project work can be made: 
Investigative project work as a teaching strategy can achieve ... 
(a) A larger range of objectives of biology teaching than expository 
teaching strategies. 
(b) Objectives concerning the acquisition of knowledge, development 
of inquiry skills and the development of scientific attitudes and 
values. 
(c) More objectives that are less biology based, despite the fact that 
they are conveyed through the medium of the subject biology. 
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Tables 4.2 and 4. 3 substantiate the above statements. 
TABLE 4.2: Objectives of biology teaching as indicated in Isaac's research study and 
in this research study: 
OBJECTIVES 
KNOWLEDGE INQUIRY SKILLS A TIITUDES AND TOTAL 
VALUES 
Isaac's 
Number 04 16 13 33 
% 12,12 48,48 39,39 *99,99 
Research 
Study 
Number 05 16 13 34 
% 14,71 47,06 38,24 *100,01 
N.B : * Rounding off error 
Table 4.3 : Objectives of biology teaching from Isaac's and this research study that 
can be achieved by using investigative project work 
INVESTIGATIVE KNOWLEDGE INQUIRY ATIITUDES& 
PROJECT SKILLS VALUES 
WORK 
Isaac's 
Number 23 04 12 07 
% 69,70 12,12 36,36 21,21 
Research 
Study 
Number 24 05 10 09 
% 70,59 14,71 29,41 26,47 
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4.4.5 Investigative project work and other teaching strategies 
According to Adderley et al. (1975:14), Hewton (1975:21); Dowdeswell and 
Harris (1979:232); Hussain (1989:145) and Isaac (1990:77-79, 82, 88-89, 93 and 
95) objectives pursued by the project teaching strategy may overlap to some 
extent with those of other teaching strategies. While this may be so Adderley et 
al. (1975:14) stress that "it would be a mistake to imagine that project work is 
merely an alternative means of achieving the same result as other forms of 
teaching". To elaborate on this saying it becomes therefore necessary to look 
closely at objectives achieved by project work and other teaching strategies. A 
comparison of the objectives achieved by teaching strategies is deemed useful 
because this research study thus far has discussed in great detail objectives of 
biology teaching (Chapter 2), approaches (content and process) of biology 
teaching to ascertain which approach/sought to be emphasized (Chapter 3) and 
objectives of biology teaching that can be achieved by investigative project work 
(Chapter 4). Since it is beyond the scope of this research study, to give a 
complete exposition of all the teaching strategies, a summary of the objectives 
of biology teaching that can be achieved by lectures, investigative project work, 
verification practical work, investigative practical work, use of original data, use 
of entire scientific papers and case studies as cited by various writers, especially 
by Isaac (1990) therefore follows. It is hoped that this would allow a teacher to 
choose the best combination of teaching strategies to achieve the aims and 
objectives of investigative project work. 
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TABLE 4.4: Objectives of biology teaching that can be achieved by teaching 
strategies 
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OBJECTIVES OF 
BIOLOGY TEACHING 
1. ability to recall information, structures, 
functions, classification, properties, life 
cycles, processes, names of apparatus, • • • • • • • • 
chemicals, specimens, laboratory 
procedures, precautions, etc.) 
2. ability to show relationship between 
form and function, between organisms 
and their environment, amongst • • • • • • • • 
organisms and between processes 
3. ability to demonstrate knowledge and 
understanding of the personal, social, • • • • • • • • 
economic and technological applications 
of bioloav 
4. ability to explain the major themes of 
biology e.g.evolution, homeostasis, • • • • • • • • 
continuity of life and energy flow 
5. ability to identify problems • • • 
6. ability to formulate hypotheses • • • 
7. ability to design experiments or • • • 
investigations to test hypotheses 
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8. ability to perform basic laboratory skills 
such as slide preparation and use of • 
the microscope 
9. ability to select and use the correct 
apparatus to carry out investigations/ • • 
experiments 
10. ability to make observations and record 
these in the form of drawings, diagrams, • • 
tables, graphs and paragraphs 
11. ability to obtain information from reliable 
sources such as texts, journals etc. • • • • • 
12. ability to select and organise information 
relevant to a particular theme, topic or • • • • • 
problem 
13. ability to make accurate calculations • s 
14. ability to solve numerical problems • s 
15. ability to generalize, summarize, draw 
conclusions make deductions, form 
inferences, evaluate non- numerical • • • • • 
problems and non graphical information 
and make decisions based on it 
16. ability to generalise, summarise, draw 
conclusions, make deductions, form 
inferences, evaluate numerical and • • • • • 
graphical information and make decisions 
based on it 
17. ability to determine limitations in the 
design of the experiments/ 
investigations and in,the information 
presented (e.g. due to faulty reasoning, • • • • 
lack of proper controls, confusion between 
facts, assumptions, opinion and valid 
conclusions) 
18. ability to demand evidence in support of • 
claims 
19. ability to communicate ideas orally and in • • • • 
writing 
20. ability to distinguish the process of • • 
scientific inquiry from magic, superstition 
and witchcraft 
21. ability to carry out biological activities • 
enthusiastically 
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22. ability to persist and pursue work to its • • 
successful conclusion 
23. ability to represent all observations • • 
honestly and objectively 
24. ability to exercise an open mind with a • 
willingness to reverse judgements in the 
light of new evidence 
25. ability to suspend judgement until reliable • 
evidence can be found 
26. ability to show respect and tolerance for • • 
the point of view of others 
27. ability to work willingly in co-operation with • 
others 
28. ability to show initiative, resourcefulness, 
creativity and imagination in the approach • • 
to solving problems 
29. ability to show respect and sensitivity in 
the handling of all forms of life 
30. ability to develop curiosity and interest in, 
and enjoyment of, living things 
31. ability to exercise responsibility in the 
handling of chemicals, specimens and 
apparatus o.e.uses materials\sparingly, • 
exercises necessary care and safety 
precautions, considers the safety of 
others, avoids damage to equipment) 
32. ability to keep work place neat and tidy • 
33. ability to show appreciation for the 
importance of investigatory work in the • • • • 
study of biology 
s = sometimes 
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4.4.6 PLACE AND VALUE OF INVESTIGATIVE PROJECT WORK IN THE 
TEACHING OF BIOLOGY 
Examination of tables 4.4, 4.5 and 4.6 indicate the following: 
(a) Inquiry teaching strategies can achieve all the objectives 
concerned with the acquisition of knowledge. 
(b) Some inquiry teaching strategies e.g. investigative practical 
work, investigative project work, use of entire scientific 
papers can achieve a larger range of the objectives than 
expository teaching strategies especially those concerned 
with the development of inquiry skills and attitudes and 
values. 
(c) The objectives achieved by investigative project work can 
be achieved by other inquiry teaching strategies. 
( d) The biology teacher has opportunities to teach all aspects 
related to the nature of biology as a science. He/she need 
not be faced with the dilemma of choosing whether to 
provide pupils with a great wealth of knowledge or to 
provide a healthy understanding of the nature of science. 
TABLE 4.5: Objectives of biology teaching achieved by the different 
teaching strategies. 
TEACHING STRATEGY NUMBER % 
Lectures 04 12,12 
Original data 07 21,21 
Reference material 09 27,27 
Verification practical 09/11 27,22/33,33 
Case studies 12 36,36 
Investigative practical 14 42,42 
Scientific paper 18 54,55 
Investigative project 23 69,70 
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TEACHING 
STRATEGY 
Lectures 
Original data 
TABLE 4.6: Objectives of biology teaching achieved by 
knowledge, inquiry skills and attitudes and values. 
INQUIRY ATIITUDES 
KNOWLEDGE SKILLS AND VALUES 
NO % NO % NO % 
04 04 12,12 
- - -
04 12,12 03 05 9,09 -
Reference material 12,12 5,15 -
Verification practical 04 03/05 
Case Studies 12,12 9,09/15, 15 02 6,06 
Investigative practical 04 06 02 03 
Scientific papers 04 12,12 07 18,18 6,06 
Investigative project 12,12 11 21,21 03 9,09 
04 
12,12 12 33,33 13 9,09 
04 
12,12 36,36 21,21 
Authors such as Raghubir (1979:16); Renner et al. (1973:107); Bliss (1990:391) 
and Dowdeswell and Harris (1979:232) also seem to support the following 
statements: 
(a) "Students using the Laboratory- Investigative approach acquired 
a greater understanding of science, greater information retention 
and better ability to think scientifically. A very important 
aspect of this methodology is that the gains that students make in 
the affective domain seem to have a positive effect on their 
achievement" (Raghubir, 1979: 16). 
) 
(b) "There is no dilution of the principle being taught in the inquiry 
situation ... Content is learned, but the method the teacher uses 
enables the teacher to achieve more than content understanding; 
he also develops his ability to think" (Renner et al. 1973: 107). 
(c) " .... not all stories about laboratories are bad. Goodness comes 
from the confrontation of student and apparatus, with the student 
winning the battle. A feeling of goodness also emerges when 
students feel they are doing a proper experiment, responsibly and 
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independently and just not repeating a series of five-finger 
exercises 'that thousands of other undergraduates have done 
before" (Bliss, 1990:391 ). 
(d) " .... many of the elements of a project can be taught and assessed 
just as readily by other means" (Dowdeswell and Harris, 979:232). 
If the objectives of investigative project work can be achieved by other teaching 
strategies a pertinent question to ask then is: " What does an investigative 
project offer that other forms of teaching does not provide ?" In an attempt to 
answer this question Bliss's research (1990:384-394) on physics students' 
motivation to learn provides useful ideas. Although Bliss's research concerns 
physics it can be valuable to shed light on project work in biology. According to 
Karl Popper (Morgan, 1976:63), "Disciplines are distinguished partly for 
historical reasons and reasons of administrative convenience ... and partly 
because the theories which we construct to solve our problems have a tendency 
to grow into unified systems. But all this classification and distinction is 
comparatively unimportant and superficial affair. We are not students of some 
subject matter but students of problems. And problems may cut right across the 
borders of any subject matter or discipline". So with this in mind Bliss's research 
findings could be very relevant to biology teaching. Of 271 students' stories on 
when learning felt particularly good or particularly bad 47 % were about lectures, 
16 % about laboratories, 15 % about individual work, 9,5 % about tutorials, 8,5 
% about projects and 4 % about other areas such as examinations. When the 
reactions to the different experiences were compared projects came out very 
positive (Bliss, 1990: 386-387). 
Common to both "good" project and "good" laboratory stories are feelings of 
independence, freedom and responsibility (Bliss, 1990:393). Success and a 
sense of coping and understanding are also applicable to both teaching 
strategies but it is "a somewhat unusual intense satisfaction, rarely found in any 
of the other stories of the study" (Bliss, 1990:393) that differentiates project work 
from "good" laboratory experiments. The involvement and the tremendous 
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satisfaction a student gets out of a project is illustrated by the following story: 
"When finding out about it, I found a few anomalous phenomena really. 
And I think that sort of gave me the first taste of doing something, thinking 
about it, rather than just regurgitating what was shoved down my throat. 
I spent a lot of time on it, I actually rekindled my own interest in physics 
in four weeks. So I worked very hard, I was for the first time in three 
years interested in physics, I was really interested in something and it 
really annoyed me that I could not think of reasons why certain things 
happened. In the end it was difficult because I'd not done any magnetic 
theory before. It meant reading quite a lot. Finally I got a picture of what 
was actually happening in my mind and it gave me a kind of thrill really" 
(Bliss, 1990:392-393). 
This tremendous sense of involvement and satisfaction is not as intense with 
"good" laboratory work as it is with projects (Bliss, 1990:391 ). "Just mute 
pleasure and enjoyment" is said to be associated with "good" laboratory work 
and even when students do talk about inner success it is often couched in words 
such as "getting on top of it" and "coming to terms with it" - hardly the sort of way 
to express achievement and success (Bliss, 1990:393-394). So projects are said 
to be "one of the rare learning situations where students do feel totally involved" 
and "can experience a tremendous satisfaction" from a "real challenging" project 
(Bliss, 1990:394). Woolnough (1990a:7) asserts that the sufficient success and 
satisfaction a pupil gets from doing investigations, probably implying projects in 
schools, can be transferable into a wider range of situations later. Fensham 
(Woolnough, 1990a:6) and Hodson (Woolnough, 1990a:7) also express similar 
feelings concerning success and satisfaction. According to Fensham 
(Woolnough, 1990a:6) gaining self confidence which arises from success and 
satisfaction is of vital importance to help pupils solve "real societal problems". 
If this is true, then it may be said that the goals of enhancing understanding of 
the nature of biology as a science and providing "life-long" learning skills to 
enhance and improve the quality of lives of people can best be achieved by 
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investigative project work provided that this work is carefully planned and 
adequately supervised. It is also stated that the more laboratory activities 
resemble investigative project work, the higher the probability of achieving these 
goals (Tamir, 1994:109). Investigative project work as a teaching strategy 
therefore can fulfill the demands of teachers, parents and employers. In 
William's (1984:8) cynical words: " ... they contribute towards the collection of the 
right pieces of paper with the highest possible grades, in order to satisfy the 
demands of parents and employers and achieve the fulfilment of teachers". But 
over and above this and probably of utmost importance to pupils is that 
investigative project work can also provide what Alex Smith, former chairman of 
the School Council in the United Kingdom, called "education for capability" that 
is, it can provide "the reality and the relevance sought by students particularly 
those less able and less well motivated" (Williams, 1984:6). 
4.4.7 Shortcomings of investigative project work 
Investigative project work, like 'good' laboratory experiments is no easy task for 
those involved (Williams, 1984: 177). Literature in science education contain 
many criticisms of project work as a teaching strategy. Some of the main 
criticisms are as follows: 
(a) Too time consuming for both pupils and teachers (Hewton, 
1975:20; Van Aswegen et al. 1993:82). Teachers with large 
classes have difficulty in finding time to deal individually with all 
pupils-queries. 
(b) Produces too much of depth instead of broad content coverage 
(Hewton, 1975:20). 
(c) Not all pupils take to projects readily. Handling pupils who never 
come to terms with their projects requires a teacher to have great 
patience and often it may become too time consuming (Van 
Aswegen et al. 1993:82). 
( d) Can lead to a head-on clash of personalities between teacher and 
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pupil (Williams, 1984: 182). 
(e) Need for detective work. Is it original or has it been copied? 
(Williams, 1984: 181 ). 
(f) Teachers may assume that pupils are aware of what is intended 
hence pupils may not be adequately prepared to attempt "true" 
project work. Should this be the case, then the value of project 
work can be lost (Dowdeswell and Harris, 1979:211 ). 
(g) Some pupils may have difficulty in finding a topic and some topics 
can be more profitable than other in terms of educational 
experience and of obtaining high marks (Gadd and Smith, 
1977:63). 
(h) Lack of access of source material, data sources, apparatus 
(Hussain, 1989:144 and Van Aswegen et al. 1993:82). 
(i) Cost of resource materials, suppliers and travel (Williams, 
1984:182; Hussain, 1989:145). 
0) Organisation of different groups and ensuring a fair contribution 
from each member as well as being aware of the problems of 
leadership and dominance (Williams, 1984: 182). 
(k) Difficulty in assessment: 
Firstly problems may arise because learning and assessment are 
combined in one activity. Sometimes the provision for feedback to 
pupils to keep them informed of their progress is deliberately 
withdrawn to allow the teacher to discriminate between the 
performance of different pupils. While this may be done, 
consideration to help pupils to learn which is an important aim of 
education is ignored at the expense of assessment. On the other 
hand when discussion does take place, there is the danger that the 
teacher might do all the work and the marks therefore awarded 
may be a measure of the efforts of the teacher rather than that of 
the pupil. Secondly help from external sources e.g. parents is 
difficult to ascertain in that one can never be sure as to the degree 
of participation of forces other than that of the pupil. Pupils who 
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spend innumerable hours without much help from external sources 
may be therefore disadvantaged and feelings of discontentment 
and no confidence may arise which in turn could lead to pupils 
developing a negative attitude toward biology (Allen, 1972:224-
225; Gadd and Smith, 1977:62; Hewton, 1975:23-24; Williams, 
1984: 182 and Van Aswegan et al. 1993:82). 
(I) Science teachers in South Africa may not be competent to 
implement project work because of the lack of qualification to teach 
the subject (FRD, 1993:8). 
4.4.8 An unanswered question 
As seen in section 4.5.2-4.5.6 there are many advantages associated with 
investigative project work. But in section 4.5. 7 it is shown that this 
strategy is often regarded by many teachers as a rather inefficient one, 
"greedy" in both time and resources, very often providing too much depth 
instead of broad content coverage (Hewton, 1975:22). Secondly the 
credit accorded to pupils may bear little relation to the time and energy 
expended on the project and to the marks gained by other teaching 
strategies (Allen, 1972:224-225). Also as repeatedly emphasized when 
attempting to define the project method or characterize project work, the 
setting up and management of pupils' project work is not easy and may 
well be the case for special instruction not only for pupils before they 
begin their projects, but also for teachers as well. 
In the light of these constraints, a fundamental question now arises: 
"Should investigative project work be incorporated into existing teaching 
strategies, in spite of their difficulties, as a means of developing and 
practising new skills, generating certain attitudes and manifesting certain 
feelings which can help to promote "real life" situations and hence lead to 
a better quality of life or should objectives of investigative project work be 
taught and assessed by other strategies thereby overcoming the 
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difficulties associated with it and denying pupils the tremendous joy and 
satisfaction that can be achieved by this unique method of teaching?" 
. ; 
4.5 RESUME 
Teaching strategies can be grouped into two broad divisions viz. expository 
teaching strategies and inquiry teaching strategies. The former strategy which 
in this research study includes the verification type of practical work is concerned 
mainly with the attainment of objectives pertaining to the content aspect of the 
subject and to the development of basic manipulative skills. In some cases it 
may lead to the development of skills whereby pupils can make accurate 
calculations and solve numerical problems. 
While expository teaching strategies has its place in the teaching of biology, it is 
considered by many science educators as being one that fails to consider the 
personal needs of pupils. This strategy also stands in stark contrast to the 
recommendations made in various reports which call for reforms in science 
education where the emphasis ought to be on the understanding of science 
rather than engaging pupils in work that have low cognitive demand and which 
emphasise the learnjng and memorization of facts which Krishna Sane (Siebert, 
1995: 156) refers to as "brute information transfer". 
Inquiry teaching strategies which reflects a variety of methodologies - lectures 
with discussions, debates, investigative practical work, investigative project work, 
the use of original data, the use of reference material, the use of entire scientific 
papers and the case study approach - are cited as being better to achieve 
objectives concerned with the aims the development of inquiry skills and attitudes 
and values. These aims are much more important for the majority of pupils 
because they are content free and have transfer potential (Isaac, 1990:98). 
Although the use of these methods may mean a slower rate of progress with 
regard to content coverage and demand more of a teacher in preparation of 
lessons and may be too time consuming it addresses the call for reform in 
science education to enable pupils to face the challenges of tomorrow's world. 
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Also with these strategies the rate of forgetting is significantly slower and a 
greater amount of information may be retained overall. In other words, the use 
of inquiry methods of teaching attempts to achieve the entire range of objectives 
of biology teaching whereas expository methods address only a select few. 
Several definitions I characteristics have been proposed for project work in 
science. Although these are expressed differently the unifying thread in all these 
definitions/characteristics is pupil participation, action and involvement guided by 
the teacher or some other authority toward gathering evidence with justifications 
for the solution of some "realistic" scientific question. Investigative project work 
in this research study is therefore regarded as a highly responsible form of 
practical investigation in the study of biology, done by the pupil and guided by 
some authority figure knowledgable in biology education where the pupil posed 
with a problem gets involved in a complete inquiry process that is, assuming, 
observing, inferring, hypothesizing, designing of observation, designing of 
experiments, identifying and ·controlling experimental variables, testing of 
hypothesis, recording of data (statements, tables, graphs), analysing of data 
(statements, tables, graphs), determining accuracy of data, identification of 
limitations and assumptions, drawing conclusion/s and making 
recommendations. 
Evidence from the literature survey, cited in this chapter, clearly indicates, 
despite the difficulties associated with investigative project work, that it occupies 
a definite place in the teaching of biology and ought not to be regarded as an 
inefficient "greedy" strategy of both teachers' . and pupils' time but as a 
supplement to existing strategies. Investigative project work like "good" 
laboratory experiments can achieve a large range of the objectives of biology 
teaching especially those deemed necessary for "life-long" education as 
envisioned in the White Paper on Education and Training of South Africa of 1995. 
The intensity of satisfaction a pupil may get out of a project is a facet that no 
other teaching strategies rarely achieves (Bliss, 1990:393). 
Having reviewed researchers' views concerning investigative project work it 
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becomes necessary in the chapters that follow to focus on the views of KwaZulu-
Natal biology teachers, biology judges of project competitions and biology pupils 
to ascertain the place and value of investigative project work as a biology 
teaching strategy in the present educational set up and also in the envisioned 
education context as outlined in the South African government's White Paper on 
Education and Training of 1995. An attempt is therefore made to ascertain such 
views. The research design and the characteristics of the respondents are 
described in Chapter 5. 
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CHAPTER FIVE 
DESIGN OF RESEARCH STUDY AND CHARACTERISTICS OF 
RESPONDENTS 
5.1 INTRODUCTION 
In Chapter 2 it was mentioned that the teaching of biology must reflect the 
threefold nature of biology. It must reflect biology as product, biology as 
process and the way of life of biologists. These three global aims were 
used to derive a list of thirty four objectives of biology teaching. 
Objectives are more specific and thus more likely to be achieved in 
individual lessons or in a series of lessons. Examination of the list of the 
thirty four objectives revealed that there exists a relationship between the 
present aims of biology teaching and those envisioned in the RDP. 
Attainment of the objectives of biology teaching therefore represents 
attainment of the envisioned aims in respect of education and training in 
the RDP. 
In Chapter 3 two basic approaches of teaching biology have been 
identified namely the content-led approach and the process-led approach. 
The content-led approach concentrates mainly on biology as product 
while the premise of the process-led approach is that science should 
place more emphasis on its methods rather than focussing exclusively on 
its products (Gott and Mashiter, 1990:57). 
Advocating the use of only the process-led approach or only the content-
led approach was shown in Chapter 3 to be undesirable for the attainment 
of the aims and objectives of biology teaching. A balanced science 
education involving some sort of equilibrium between process, content 
and context is advocated by Kirkham (1989:52). Exposing pupils to the 
threefold nature of biology involves the use of teaching strategies. In 
127 
Chapter 4, two basic types of teaching strategies have been identified 
namely expository strategies and inquiry strategies. The former strategies 
serve mainly to achieve those objectives that are concerned with the 
acquisition of knowledge, a few of the lower order inquiry skills e.g. 
performance of basic laboratory skills and some attitudes and values e.g. 
exercising responsibility in the handling of chemicals, specimens and 
apparatus. In other words, inquiry teaching strategies were shown to 
attain a larger range of the objectives of biology teaching, especially those 
concerned with the development of inquiry skills and attitudes and values 
of biology and toward biology. Investigative project work from the 
literature survey discussed in Chapter 4 was shown to attain 69, 70% of 
the objectives of biology teaching. 
This chapter serves to establish the place and value of investigative 
project work in the teaching of biology at standards eight to ten levels in 
secondary schools in the province of KwaZulu-Natal. Two procedures 
were used for this purpose. Firstly, questionnaires were sent to biology 
teachers in secondary schools (see Appendix 83) and to judges of the 
1994 Natal FFS Expo for Young Scientists (see Appendix 03). The 
second procedure involved some participants of the 1995 Natal FFS Expo 
for Young Scientists writing "good" and "bad" stories about investigative 
projects. 
5.2 DESIGN OF RESEARCH STUDY 
5.2.1 Delimitation of the study area 
South Africa consists of nine provinces. This research study is limited 
geographically to the province of KwaZulu-Natal (See Figure 5.1 ). 
128 
OKEY 
1 . North West 
2. Northern Transvaal - Mpumalanga 
3. Eastern Transvaal 
4. KwaZulu - Natal (Study Area) 
5. Free State 
6. Eastern Cape 
7. Gauteng 
a. Western Cape 
9. Northern Cape 
~ Swaziland 
Im Lesotho 
Figure 5.1 The nine provinces of South Africa 
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To execute planning, control and administration of all schools, the province is 
divided into eight regions, 40 districts and 193 circuits (See Figure 5.2 and Table 
5.1 ). These divisions were approved by the Minister of Education and Culture 
of KwaZulu-Natal in March 1995 (Staude, 1995: 1-6). These regions, districts 
and the number of circuits in each district is as follows: 
Table 5.1 : Regions, districts and number of circuits in KwaZulu-Natal 
REGION DISTRICT NO. OF CIRCUITS 
1. PORT SHEPSTONE 1. PHOLELA 3 
2. IXOPO 5 
3. SAYIDI 6 
4. HARDING 4 
5. SCOTIBURGH 6 
2. SOUTH DURBAN 1. UMBUMBULU 7 
2. UMLAZI SOUTH 4 
' 
3. UMLAZI NORTH 3 
4. CAMPERDOWN 5 
5. CHATSWORTH 3 
6. PINETOWN 3 
3. NORTH DURBAN 1. MEREBANK 5 
2. KWAMASHU 5 
3. PHOENIX 5 
4. NDWEDWE 4 
5. INANDA 5 
6. MAPHUMULO 4 
4. PIETERMARITZBURG 1. VULINDLELA 6 
2. RICHMOND 5 
3. MIDLANDS 5 
4. UMVOTI 6 
5. LADYSMITH 1. DANNHAUSER 4 
2. MNAMBITHI 6 
3. MSINGA 4 
4. NEWCASTLE 4 
5. ESCOURT 8 
6. VRYHEID 1. DUNDEE 2 
2. PAULPIETERSBURG 3 
3. BHEKUZULU 5 
4. NQUTU 6 
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7. ULUNDI 1. INGWAVUMA 4 
2. UBOMBO 6 
3. NONGOMA 6 
4. MAHLABATHINI 5 
5. NKANDLA 5 
8. EMPANGENI 1. ESHOWE 5 
2. MTUNZINI 4 
3. HLABISA 6 
4. LOWER UMFLOZI 8 
5. LOWER TUGELA 3 
TOTALS 8 40 193 
N.B.: Names of the various circuits have not been added to the table. The names of 
some circuits are still to be determined. 
Although these divisions are the most recent ones, they were not used in 
the research study. They were made available to educational institutions 
in August 1995 and the sample was determined in May 1995. Statistics 
from the KwaZulu-Natal Education Work Group report ( 1994: 32, 92 and 
93) were used instead. The use of these statistics however, did not affect 
the research study because the status quo of the secondary schools in 
the 5 former departments in KwaZulu-Natal is the same or has changed 
very little from 1994 to 1995. The 5 former departments of education 
were: Department of Education and Training (DET}, House of Delegates: 
Department of Education and Culture (HOD}, House of Representatives: 
Department of Education and Culture (HOR), KwaZulu: Department of 
Education and Culture (KZ) and House of Assembly. In KwaZulu-Natal, 
Natal Education Department (NED) was a sub-division of the House of 
Assembly. These former departments still control and administer their 
"own" schools on an agency basis. The major difference between the 2 
sets of statistics is the demarcation of the province into regions. The 
KwaZulu-Natal Work Group report indicates 4 regions while the latest 
statistics (Staude, 1995: 1-6) indicate 8 regions. The 4 regions indicating 
the magisterial districts that were used when determining the sample is 
shown in Figure 5.3. 
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Region 4 
PIETERMARITZBURG 
.... 
IN JULY 1995 IT 'WAS 
STILL NOT CLEAR 
'WHICH PROVINCE 'WILL 
EVENTUALLY ADMINISTER 
THIS DISTRICT 
lnandaE'1tuzc;ma(9l 
P1ne1own(7) ~ 
Ournan121) 
Em1az1(7) 
0 denotes that part of the Magestnal District 1s split between two Regions 
w Region 7 
T ULUNOI 
Region 8 
EMPANGENI 
Region ~ 
NORTH DURBAN 
Figure 5.2: The 8 regions of KwaZulu-Natal (Staude, 1995:1-5) 
NB. The numbers within brackets indicate the number of schools from which questionnaires were 
received. 
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lnanda/Emuzuma (9) 
Pinetown (7) 
Durban (21) 
Emlaz1 (7) 
Figure 5. 3 : The 4 regions of KwaZulu-Natal showing the various magisterial 
districts (KwaZulu-Natal Work Group Report, 1994:32) 
NB. The numbers within brackets indicate the number of schools from which questionnaires 
were received 
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5.2.2 Number of secondary and combined schools in KwaZulu-Natal 
(state, state-aided and private) 
The number of these schools was obtained from the KwaZulu-Education 
. 
Group report (1994:92-93). A total number of 1203 secondary schools 
exist in KwaZulu-Natal. The precise number of secondary schools 
offering the subject biology is however, not known. These statistics are 
still being complied. Since 97% of the pupils at secondary schools 
choose biology (Minutes of meeting of Ad Hoc Biology Subject Committee 
for KwaZulu-Natal, 1995:3), this research study assumes that the 1203 
schools offer biology. Table 5.2 shows the number of secondary schools 
and combined schools per former department in the 4 regions. 
Table 5.2: Number of secondary schools and combined schools 
REGION DEPARTMENT NO. OF SECONDARY COMBINED SCHOOLS 
1. NORTHERN NATAL DET 51 
HOD 9 
HOR 1 
KZ 194 
NED 13 
TOTAL 268 
2. ZULULAND DET 14 
HOD 2 
HOR 1 
KZ 253 
NED 4 
TOTAL 274 
3. PIETERMARITZBURG DET 52 
HOD 23 
HOR 4 
KZ 178 
NED 16 
TOTAL 273 
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4. DURBAN DET 26 
HOD 94 
HOR 12 
KZ 222 
NED 34 
TOTAL 388 
The number and percentage of such schools in former departments in the 
entire KwaZulu-Natal province is indicated in Table 5.3. 
Table 5.3: Totals and percentage for secondary and combined schools 
in KwaZulu-Natal. (KwaZulu-Natal Work Group Report, 
1994:92). 
DEPARTMENT SECONDARY & COMBINED SCHOOLS 
NO. 'l(, 
DET 143 11,89 
HOD 128 10,64 
HOR *18 1,50 
KWAZULU 847 70,41 
NED 67 5,57 
TOTAL 1203 **100 01 
NB: •The sum of the HOR schools from Table 5.2 adds up to 18but17 appears in Appendix 4 of the KwaZulu-Natal 
Education Work Group Report (1994:92). 
•• '"Rounding off' error. 
To make the sample as representative as possible state schools 
(sometimes called government and public) and state-aided schools 
(community, farm mine and Model C) were selected from all four regions 
as indicated in Figure 5.2. Thus the first variable considered was the 
selection of secondary schools and combined schools from Northern 
Natal, Zululand, Pietermaritzburg and Durban. Another variable 
considered was to ensure that secondary schools from the former 
departments of education were included in the sample. This was 
necessary because in practice the five former departments still administer 
and control their "own" schools on an agency basis although the province 
operates a single education department. 
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5.2.3 
5.2.3.1 
Private schools which did not come under the control of any of the afore-
mentioned departments were also included in the sample to ensure total 
representation of secondary schools in KwaZulu-Natal. Another reason 
for including private schools was that these schools are institutions where 
teachers have great flexibility in respect of curriculum planning and teach 
small classes. It was therefore assumed that private schools may present 
a different view about investigative project work as a teaching strategy. 
This assumption, however does not imply that private schools are "free" 
from educational constraints. 
Most private secondary schools in KwaZulu-Natal are registered with the 
former NED department (KwaZulu-Natal Work Group Report, 1994:37). 
The list of private schools indicates that there are 31 such schools 
(NED:sa). Ten private schools from this list were randomly selected. 
Sampling of secondary and combined schools, judges and 
pupils 
State and state-aided schools 
Random sampling was used to choose a 10% sample. The 
KwaZulu-Natal Education Work Group Report (1994:93) indicates 
that there were 1203 secondary and combined schools in the 
province (See Table 5.3). The 10% sample i.e. 120 schools was 
selected in the following way: 
(a) Pieces of paper were numbered 1 to 1203 and labelled as 
indicated below: 
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(a) Pieces of paper were numbered 1 to 1203 and labelled as 
indicated below: 
NUMBERS 
1to268 
269 to 542 
543 to 815 
816 to 1203 
REGIONS 
Northern Natal (N) 
Zululand (Z) 
Pietermaritzburg (P) 
Durban (D) 
(b) The pieces of paper were folded and placed in a packet. 
(c) An independent person selected by the third year zoology 
class of Springfield College of Education drew 120 pieces 
of paper. 
The above method yielded the following sample (shown on the 
next page) with respect to the number of schools to be selected in 
the 4 regions of KwaZulu-Natal. 
REGION 
Northern Natal 
Zululand 
Pietermaritzburg 
Durban 
TOTAL 
NO. OF SECONDARY AND 
COMBINED SCHOOLS 
28 
21 
28 
43 
120 
To ascertain the number and the names of these schools in the former 
departments a second method, described below, was used. The Northern 
Natal region is used as an example. 
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(a) The number of secondary and combined schools in the 
former departments in the Northern Natal region was 
ascertained from Table 5.2 i.e. 51 DET, 5 HOR, 9 HOD, 
194 KZ and .. 13 NED secondary and combined schools. 
(b) The total number of these schools in the Northern Natal 
region was obtained from Table 5.3 i.e. 268 schools. 
(c) 268 pieces of paper were numbered 1 to 268. 
( d) From lists of schools obtained from the former HOD for the 
province of KwaZulu-Natal (1995:sa), the names of the 51 
DET schools were written on the pieces of paper numbered 
1 to 51. On the piece/s of paper/s numbered 52 to 60, 61, 
62 to 255 and 256 to 268 were written the names of the 9 
HOD, 1 HOR, 194 KZ and 11 NED secondary or combined 
schools respectively. 
( e) The pieces of paper were folded and placed in a packet. 
(f) An independent person selected by the 3rd year zoology 
class of Springfield College of Education chose 28 pieces 
of paper from the packet. 
These 28 pieces of paper indicated the names and the number of 
secondary or combined schools that had to be chosen in Northern Natal. 
In addition to this, these pieces of paper indicated the number of 
secondary or combined schools from the former departments to which 
qustionnaires had to be sent. Of the 28 schools selected, 8 were from 
DET, 1 from HOD, 16 from KZ and 3 from NED. 
The above method was used to determine the sample in the other 3 
regions of KwaZulu-Natal. Table 5.4 indicates a summary of this method 
and it also denotes the number and percentage of secondary schools that 
were selected from the former departments in the province of KwaZulu-
Natal. 
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Table 5.4: Summary of sampling method in the 4 regions indicating 
the number and percentage of secondary and combined 
schools per former department to which teacher-
questionnaires had to be sent. 
REGION 1 - NORTHERN NATAL 
DET HOD HOR KZ NED TOTAL 
NO. IN REGION 
% 51 9 1 194 13 268 
19,03 3,36 0,37 72,39 4,85 100 
SCHOOL 
NUMBERS 1to51 52to 60 61 62to 255 256to 268 268 
NO. SELECTED 
% 
8 1 16 3 28 
2,99 0,37 5,97 1,12 10,45 
REGION 2 - ZULULAND 
DET HOD HOR KZ NED TOTAL 
NO. IN REGION 
% 14 2 1 253 4 274 
5,11 0,73 0,36 92,34 1,46 100* 
SCHOOL 
NUMBERS 1to14 15 to 16 17 18 to 270 271to274 274 
NO. SELECTED 
% 
2 1 1 16 1 21 
0,73 0,36 0,36 5,84 0,36 765 
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Table 5.4 Summary of sampling methods continued 
REGION 3 - PIETERMARITZBURG 
DET HOD HOR KZ NED TOTAL 
... 
NO. IN REGION 
% 52 23 4 178 16 273 
19,05 8,42 1,47 65,20 5,86 100 
SCHOOL 
NUMBERS 1to52 52to 75 76to 79 80to257 258to 273 273 
NO. SELECTED 
% 
9 6 1 9 3 28 
3,30 2,20 0,37 3,30 1,10 10,27 
REGION 4 - DURBAN 
DET HOD HOR KZ NED TOTAL 
NO. IN REGION 
% 26 94 12 222 34 388 
6,7 24,23 3,09 57,22 8,76 100 
SCHOOL 
NUMBERS 1to26 27to 120 121to132 133 to 354 355to 388 388 
NO. SELECTED 
% 
8 12 2 17 4 43 
206 309 052 438 1 03 11 08 
N.B.: "Rounding off' error. 
A summary of the secondary and combined schools per former 
department in the entire KwaZulu-Natal province to which teacher-
questionnaires had to be sent is shown in Table 5.5 
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Table 5.5: Summary of secondary and combined schools per former 
department in the KwaZulu-Natal province to which teacher-
questionnaires had to be sent. 
DET HOD HOR KZ NED TOTAL 
REGION 1 
NORTHERN NATAL 8 1 - 16 3 28 
REGION 2 
ZULULAND 2 1 1 16 1 21 
REGION 3 
PIETERMARITZBURG 9 6 1 9 3 28 
REGION 4 
DURBAN 8 12 2 17 4 43 
TOTAL 27 20 4 58 11 120 
% 22,5 16,67 3,33 48,33 917 100 
5.2.3.2 Private secondary schools 
Random sampling was used to obtain a 331/ 3% sample. Ten schools were 
selected to which teacher-questionnaires had to be sent. This sample included 
1 rural school, 2 peri-rural schools and 7 urban schools. 
5.2.3.3 Judges of Natal FFS Expo for young scientists 
A list of the names of 10 to 15 judges of biology investigative projects was 
requested and received from the organisers in March 1995. This list represented 
the sample of the judges. It is considered to be unbiased because the names 
were selected by an independent person. 
5.2.3.4 Participating pupils of Natal FFS expo for young scientists 
In the research study it was decided to ask participants of the 1995 Natal FFS 
Expo for Young Scientists to write a story about how they felt about investigative 
project work as a learning strategy. About 15 participants volunteered to write 
stories. Participants were asked to write about some times when learning by the 
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project method felt particularly "good" or particularly "bad". The idea of 
approaching pupils in this manner came from the work of Bliss (1990:384-384). 
The 1995 Natal FFS Expo for Young Scientists was held at Natal University in 
Durban on 15 August 1995. 
5.2.4 Permission to conduct research study 
Permission to undertake the research study in secondary schools of the 5 former 
departments and colleges of education was requested from the Department of 
Education and Culture of the Province of KwaZulu-Natal in May 1995 (See 
Appendix A 1 ). This permission was granted in June 1995 (See Appendix C). 
Although permission to conduct this research study was requested for colleges 
of education, this was not pursued because of the following reasons: 
(a) College boycotts which lead to the closure of colleges of education 
selected for the research study. 
(b) Uncertainty of the duration of boycott at colleges of education. 
(c) Rescheduling of the continuous practice teaching session 
(approximately 4 to 6 weeks) which ought to have been done 
during the period of the boycott. 
With respect to private schools, participants of the Natal FFS Expo for 
Young Scientists and judges of this competition permission was 
requested on an individual basis. 
5.2.5 Pilot work 
All pilot work was undertaken with biology teachers who enrolled for the 
Further Diploma in Education: Biology course (FOE) at Springfield 
College of Education. Permission to carry out this pilot work was 
requested and obtained from the Rector of Springfield College of 
Education (See Appendix A2). The questionnaires were given to 12 
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biology teachers during an orientation course held at the college on 08 
April 1995. Ten teachers were from the former KZ department and two 
from the former HOD. These 12 teachers were employed at secondary 
schools located in rural, peri-rural and urban areas of the province of 
KwaZulu-Natal. The original questionnaire took approximately 30-40 
minutes to complete. 
The following problems were however, encountered: 
(a) Language usage in the formulation of some of the objectives of 
biology teaching 
(b) Interpretation of phrases such as "nature of biology", "open-ended 
practical work" 
Although these problems were encountered, the original questionnaire 
was not altered. It was found that teachers in the pilot study were capable 
of completing the questionnaire if problems encountered concerning the 
phrases were explained to them. Another reason for not altering the 
questionnaire was that these 33 objectives on the questionnaire are 
elaborated upon in the first draft the provincialised biology syllabii for the 
province of KwaZulu-Natal. It was felt by the researchers that any 
deviation from the original questionnaire may cause confusion when the 
new syllabii are implemented in 1996. To overcome the language barrier 
and some of the current concepts associated with biology teaching e.g. 
nature of biology, the researcher engaged the services of 6 assistant 
researchers. These 6 researchers were selected on the following basis: 
(a) They are biology teachers in KwaZulu-Natal. 
(b) They are well versed with the concepts "the nature of 
biology" and the "aims and objectives of biology teaching". 
(c) They are proficient in English and the mother tongue of the 
community in which they work. 
(d) They are residents of different regions of KwaZulu-Natal. 
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5.2.6 Completion of questionnaires 
5.2.6.1 Judge's questionnaire 
The questionnaires to the judges of the Natal FFS Expo for Young 
Scientists (See Appendix 03) were posted in 1995 to each of the 1 O 
judges that were selected by the organizer concerned with the choosing 
of judges for this completion. 
Each questionnaire was accompanied by a covering letter indicating the 
purpose of the questionnaire (See Appendix 01 ). An assurance of 
confidentiality was also made. 
5.2.6.2 Teacher's questionnaire 
The questionnaires to the teachers (See Appendix 83) were personally 
taken to the schools selected. This was done by the researcher and the 
assistant researchers in June 1995 and in August 1995. Each 
questionnaire was accompanied by two covering letters. The letter from 
the Department of Education and Culture of the Province of KwaZulu-
Natal indicating permission to undertake the research study (See 
Appendix C) was also included with the questionnaire. The first covering 
letter addressed to the principal (See Appendix 81) requested permission 
for any one biology teacher in his/her school to complete the 
questionnaire. This method of selection of biology teachers ensured the 
researcher's neutrality in the survey. The second letter addressed to the 
teacher (See Appendix 82) indicated the purpose of the questionnaire 
and gave an assurance that individual teachers nor schools will not be 
identified in the study. 
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5.2. 7 Problems encountered 
Circulating the questionnaire to some of the schools that were selected 
by the random sampling technique was sometimes difficult to execute. 
The reasons for this were: 
(a) The scattered nature of schools in the rural areas. 
(b) The poor conditions of roads and the inaccessibility of 
certain schools. 
(c) The violence that prevailed in certain circuits. 
( d) The refusal of some principals to grant permission to 
undertake the research study in his/her school. 
A total of 29 schools were affected in these ways. In the light of the 
reasons afforded, the researcher was forced to select schools closest to 
the "affected" ones. Some problems were even encountered with this 
substitution. In 2 regions many teachers refused to complete the 
questionnaire. These teachers were afraid that completing the 
questionnaire would mean adding "more" constraints to the present 
educational set up. With such schools the researcher was again forced 
to substitute the schools affected. 
The substitution, which was beyond the control of the researcher, 
therefore altered the "projected" sample to which questionnaires had to 
be sent. Questionnaires were at times completed by teachers from other 
former departments and not from the one chosen. Although this 
happened, the questionnaires were still completed by biology teachers in 
the selected region. 
The "actual" sample therefore to which questionnaires were sent is shown 
per former department for the province of KwaZulu-Natal in Table 5.6. 
Also indicated in the table is the number, % of secondary and combined 
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schools and the "projected" sample per former department in KwaZulu-
Natal. 
Examination of Table 5.6 indicates the following: 
(a) The original idea of ascertaining opinions of biology 
teachers from all 5 former departments was still being 
fulfilled. 
(b) The percentage of teachers that ought to have completed 
the questionnaire remained the same in HOR, increased in 
HOD and NED and decreased in DET and KZ. NED 
increased by 0,83% (1 more teacher) and HOD by 6,67% 
(8 more teachers). DET decreased by 3,3% (4 less 
teachers) and KZ by 4, 16% (5 less teachers). 
(c) The proportion of HOD teachers increased beyond the 
proportion of DET teachers when in fact the projection was 
the other way around. However, the proportion of teachers 
from the other different departments i.e. KZ, NED and HOD 
remained largely the same. 
Table 5.6: "Actual" sample in relation to the total number of secondary 
and combined schools in KwaZulu-Natal and the "projected" sample: 
FORMER SECONDARY SCHOOLS IN "PROJECTED" "ACTUAL" SAMPLE 
DEPARTMENT KWAZULU-NATAL SAMPLE 
NO. % NO. % NO. % 
DET 143 11,89 27 22,5 23 19,17 
HOD 128 10,64 20 16,67 28 23,33 
HOR 18 1,50 4 3,33 4 3,33 
KZ 847 70,41 58 48,33 53 44,17 
NED 67 5,57 11 9,17 12 10,00 
TOTAL 1203 *100,01 120 100 120 100 
N.B.: "Rounding off' error. 
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The "actual" sample however, did not affect the research study adversely. 
All 5 former departments were still being represented in proportions that 
did not deviate too significantly from the "projected" proportions. The 
"actual" sample surveyed 49 rural, 19 peri-rural and 5 2 urban secondary 
or combined schools in the province of KwaZulu-Natal. 
5.2.8 Return of questionnaires 
DET 
HOD 
HOR 
KZ 
NED 
PS 
As can be seen from Table 5.7, 113 of the questionnaires despatched to 
teachers were completed and returned, representing an overall return of 
86,92%. 
Table 5. 7: Number of teacher-questionnaires completed and returned. 
NO.DESPATCHED NO. COMPLETED & %RETURN 
RETURNED 
23 16 69,57 
28 28 100 
4 4 100 
53 46 86,79 
12 12 100 
10 7 70 
TOTAL 130 113 86,92 
Of the 12 questionnaires despatched to judges, 10 were completed and 
returned, representing a return of 83,33% (See Table 5.8). 
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Table 5.8: Number of judge questionnaires completed and returned. 
NO DESPATCHED NO. COMPLETED AND %RETURN 
RETURNED 
12 10 83,33 
5.3 ANALYSIS OF QUESTIONNAIRES 
5.3.1 Respondents' characteristics 
5.3.1.1 
The respondents for this research study were of 3 types: teachers who 
are teaching biology, judges of the Natal FFS 1994 Expo for Young 
Scientists and standard 8 to 1 O participants of 1995 Natal FFS Expo for 
Young Scientists. 
Gender 
Of a total of 113 teachers participating in the study, 59(52,21 %) were 
males and 54( 47, 79%) were females. Judges and pupils were 10 and 13 
in numbers respectively. 40% of the judges were males and 60% were 
females. Of the 13 pupils, 8 were in standard 8, 4 in standard 9 and 1 in 
standard 10. 38,46% of these pupils were males and 61,54% were 
females (See Table 5.9). As can be clearly seen from Table 5.9, the ratio 
of males: females in this research study is 50:50. 
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Table 5.9: Number of males and females 
RESPONDENTS TOTAL MALES FEMALES 
NO % NO. % 
Teachers 113 59 52,21 54 47,79 
Judges 10 4 40 6 60 
Pupils 13 5 38,46 8 61,54 
TOTAL 136 68 50 68 50 
5.3.1.2 Teacher experience 
With reference to teacher experience, the data in Table 5.1 O revealed the 
following: 
(a) Majority of teachers (39 teachers or 34,51 %) in KwaZulu-Natal 
have teaching experience ranging from 0 to 5 years. 
(b) The former department, KZ has the largest number of teachers 
(91.30%) with teaching experience ranging from 0-10 years. 
(c) Teachers with more than 10 years of experience are found mainly 
in private schools and in the former HOD, HOR and NED 
departments. 
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Table 5.10: Teacher Experience 
EXPERIENCE DET HOD HOR KZ NED PS TOTAL 
(YEARS) 
.. 
OT05 8 2 28 1 39 
% 50 7,14 60,87 14,29 34,51 
6TO 10 4 9 1 14 3 2 33 
% 25 32,14 25 30,43 25 28,57 29,20 
11TO15 2 10 1 3 3 19 
% 12,5 35,71 25 6,52 25 16,81 
16 TO 20 1 3 2 1 4 1 12 
% 6,25 10,71 50 2,17 33,33 14,29 10,62 
21TO25 1 3 2 1 7 
% 6,25 10,72 16,67 14,29 6,19 
26 TO 30 1 1 2 
% 3,57 14,29 1,77 
31TO35 1 1 
% 14,29 0,88 
TOTAL 16 28 4 46 12 7 113 
The implication from the data in Table 5.10 is that biology teachers with teaching 
experience of 0 to 5 years in the former departments of KZ and DET are likely to get 
little or no guidance from departmental and regional subject committee meetings. The 
head of department of biology or a senior biology teacher usually chairs such meetings 
at his/her school. At these meetings the experiences of all teachers, especially the 
"experienced ones" are harnessed. This leads to the professional growth of teachers 
and this inturn is transmitted to the pupils. Regional committee meetings are also 
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scheduled at regular intervals. It follows then, that a school or a region with a small 
number of "experienced teachers" may therefore "loose out" in the networking and 
share netting processes between "experienced" and "inexperienced" teachers. 
5.3.1.3 Academic qualification of teachers 
Table 5.11 represents an analysis of the teachers' responses to the question concerning 
their academic qualification. The following can be seen from table 5.11: 
(a) 51 (45, 13%) biology teachers are graduates. 
(b) 34 (30,07%) graduates have science degrees and 17 (15,04%) have non-
science degrees. 
(c) 62 (54,87%) are non-graduates. 
(d) 52 (46,02%) non-graduates have a diploma while 10 (8,85%) have a 
Senior Certificate Pass (matric) as their highest academic qualification. 
(e) Many biology teachers at private schools and at former departments of 
NED, HOD and HOR have high science qualifications e.g. M.Sc., B.Sc. 
Hons. and B.Sc. 
(f) Advanced "teacher'' degrees e.g. B.Ed., M.Ed. have been obtained mainly 
by teachers in the former department of HOD (42,86%). 
(g) 93,75% of DET biology teachers and 84,78% of KZ biology teachers are 
non-graduates. 
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Table 5.11: Academic qualifications of teacher 
FORMER GRADUATES NON GRADUATES TOTAL ADV. 
DEPT. NO. TEAC 
TEACH DEG. 
M.SC B.SC. B.SC. B.PAED. OTHER TOTAL DIP. MATRIC TOTAL 
DEGREE ONLY ONLY 
s 
DET 1 1 13 2 15 16 
% 6,25 6.25 12,5 93,75 93,75 100 
HOD 1 4 7 10 22 6 6 28 12 
% 3,57 14,29 25 35,71 78,57 21,43 21,43 100 42,86 
HOR 1 2 3 1 1 4 
% 25 50 75 25 25 100 
' 
KZ 3 4 7 31 8 39 46 1 
% 6,52 8,7 15,22 67,39 17,39 84,78 100 2,17 
NED 1 8 2 11 1 1 12 3 
8,33 66,67 16,67 91,67 8,33 8,33 100 25 
PS 1 2 3 1 7 7 2 
14,29 28,57 42,86 14,29 *100,01 100 25,57 
TOTALS 1 5 21 7 17 51 52 10 62 113 
% 0,88 4,42 18,58 6,19 15,04 45,13 46,02 8,85 54,87 *99,9 
N.B.: "Rounding off' error 
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Although there are only 34 (30,09%) graduates with science degrees, analysis of the 
teachers' responses to the question pertaining to the highest qualification to teach 
biology revealed that ... 
(a) the 17 (15,04%) graduate teachers with "other degrees" completed diplomas 
specializing in the teaching of biology before they completed their degrees, on 
a part-time basis. 
(b) the 12 (10,62%) non-graduate teachers have no biological courses to their credit. 
Ten (8,85%) of these teachers have matric as their highest qualification while 2 
(1,77%) of the 52 non-graduates have primary school diplomas, specializing in 
the teaching of primary school general science. 
5.3.1.4 Professional qualifications of teachers 
Table 5.12 is an analysis of the teachers' responses to the question concerning 
their professional qualifications. 
It should be noted that ... 
(i) Post graduate diplomas include UED, UHDE, STD, HED, HOE. 
(ii) Under graduate diplomas include JSTD, JSED, DJS, NTSD, LSED, and 
STD Ill. 
(iii) 2 of the 37 nongraduates of KZ have primary school diplomas specializing 
in the teaching of general science. 
(iv) 67 undergraduates have diplomas specializing in the teaching of biology. 
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DET 
% 
HOD 
% 
HOR 
% 
KZ 
% 
NED 
% 
PS 
% 
Table 5.12: Professional qualifications of the biology 
teachers 
B.PAED. POST GRAD. UNDERGRAD. UNQUA-
(SCIENCE) DIPLOMAS DIPLOMAS LIFIED 
1 .. 13 2 
6,25 81,25 12,5 
7 5 16 
25 17,86 57,14 
3 1 
75 25 
1 37 8 
2,17 80,43 17,39 
11 1 
91,67 8,33 
5 1 1 
71,43 14,29 14,29 
TOTAL 
16 
100 
28 
100 
4 
100 
46 
*99,99 
12 
100 
7 
*100,01 
TOTAL 7 26 69 11 113 
% 6,19 23,01 61,06 9,73 *99,99 
*N.B.: "Rounding off' error. 
In summary then, the teachers' responses to questions concerning their 
academic and professional qualifications clearly indicate that, although all biology 
teachers who responded did not have science degrees, 100 (88,50%) of the 
teachers are professionally qualified to teach biology. The 13 teachers ( 11, 50%) 
who are not professionally qualified include a science graduate, 2 non-graduates 
with primary school diplomas and 10 non-graduates with just matric qualification. 
5.3.1.5 Professional status of teachers 
An analysis of the status of teachers is shown in Table 5.13. 
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Table 5.13: Professional status of teachers. 
STATUS DET HOD HOR KZ NED PSC TOTAL 
DEPUTY 1 1 1 3 
PRINCIPAU 6,25% 3,57% 14,29% 2,65% 
VICE-PRINCIPAL 
(L3, L4) 
HEAD OF 1 4 3 3 5 2 18 
DEPARTMENT 6,25% 14,29% 75% 6,52% 41,67% 28,57% 15,93% 
(L2) 
TEACHER 14 23 1 43 7 4 92 
(L 1) 87,5% 82,14% 25% 93,48% 58,33% 57,14% 81,42% 
TOTAL 16 28 4 46 12 7 113 
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5.3.1.6 Teacher experience and qualifications of judges 
Table 5.14 is an analysis of the judges' teaching experience in biology and their 
academic and professional quatifications. As can be seen from Table 5.14 
judges are "experienced", highly qualified persons. All of them are professionally 
qualified to teach biology. The analysis of the question pertaining to their 
professional status also revealed that judges included principals, heads of 
departments and teachers who teach biology at secondary schools, lecturers of 
biology at colleges of education, senior subject advisors of biology for the 
Department of Education of KwaZulu-Natal and a national co-ordinator of 
biological science of a non-government organisation. The above data therefore 
clearly indicate that the judges are professionals competent to execute duties at 
the 1994 Natal FFS Expo for Young Scientists. 
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Table 5.14: Personal details of judges 
TEACHER EXPERIENCE ACADEMIC QUALIFICATION PROFESSIONAL ADVANCED TEACHER 
QUALIFICATION DEGREES 
11-20 21-30 31-35 M.Sc. B.Sc. B.Sc. B. POST D.Ed M.Ed 8.Ed 
years years years Hons. Pa ed. GRADUATE 
DIPLOMA 
6 3 1 1 3 5 1 10 1 1 6 
60% 30% 10% 10% 30% 50% 10% 100% 10% 10% 60% 
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5.4 RESUME 
Two procedures were used to establish the place and value of investigative 
project work in the teaching of biology at standard eight to ten levels in 
.. 
secondary schools in the province of KwaZulu-Natal. Firstly, questionnaires 
were sent to biology teachers in secondary schools and to judges of the 1994 
Natal FFS Expo for Young Scientists. The second procedure involved 13 
participants of the Natal FFS Expo for Young Scientists writing "good" and "bad" 
stories about investigative project work. 
One hundred and thirty questionnaires were despatched to teachers and twelve 
to judges. One hundred and thirteen of the questionnaires despatched to 
teachers were completed and returned, representing an overall return of 82,92%. 
Of the twelve questionnaires despatched to judges, 10 were completed and 
returned, representing a return of 83,33%. 
The ratio of males to females in the research study was 50:50. The majority of 
teachers (63,71 %) in KwaZulu-Natal have teaching experience ranging from 0 
to 10 years. Teachers with more than 10 years of experience are found mainly 
in private schools and in the former HOD, HOR and NED departments. Analysis 
of the academic qualifications of the teachers indicates that 45, 13% are 
graduates while 54,87% are non-graduates. Of the 45, 13% who are graduates, 
30,09% are graduates with science degrees. Although all biology teachers who 
responded did not have science degrees, 88,50% of them are professionally 
qualified to teach biology. Only 11,50% of the teachers are not professionally 
qualified to teach biology. 81,42% of the teachers are categorized as level 1. 
Judges of the Natal FFS Expo For Young Scientist are "experienced", with high 
academic qualifications and are all professionally qualified to teach biology. 
The next chapter focuses on the respondents' opinions about investigative 
project work as a biology teaching strategy. 
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CHAPTER SIX 
ANALYSIS AND INTERPRETATION OF THE DATA CONCERNING INVESTIGATIVE 
PROJECT WORK AS A BIOLOGY TEACHING STRATEGY 
6.1 INTRODUCTION 
The nature of biology and the aims and objectives of biology teaching were 
researched in previous chapters because of the close relationship between these 
topics and teaching strategies. This relationship is discussed in detail in 
Chapters 2, 3 and 4 of this research study. The flow diagram shown in Figure 
6. 1 on the next page illustrates the close relationship that exists between the 
nature of biology, aims and objectives of biology teaching on one hand and 
teaching strategies of biology on the other hand. It is readily apparent from 
Figure 6.1 that inquiry teaching strategies provide pupils opportunities for building 
and communicating values concerning the nature of science. Furthermore 
Lazarowitz and Tamir (Tobin et al. 1994:109) state "that the goal of enhancing 
understanding of the nature of science, especially how scientists really work, and 
the associated goals of developing scientific attitudes and interest in science can 
be best achieved by project work provided this work is carefully planned and 
adequately supervised". Hence a very close relationship exists between the aims 
and nature of science from which objectives of biology teaching are derived and 
investigative project work. 
6.2 TEACHERS' RESPONSES ABOUT THE NATURE OF BIOLOGY AND THE 
AIMS AND OBJECTIVES OF BIOLOGY TEACHING 
Teachers were requested to indicate the extent of their familiarity with the 
following: 
Nature of biology 
Aims and objectives of biology teaching. 
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They were to tick one of the following responses below for each topic: 
To a great extent 
To a small extent 
Not at all. 
What is biology? _..Nature of --->~ Products 
biology as 
a science 
+ 
Why teach To achieve aims ...,... Acquisition of + 
biology ? ---11>.-general objectives---~·knowledge 
specific objectives 
Processes + 
Development of + 
inquiry skills 
How are aims. 
general objectives 
and specific > 
objectives 
Use of a variety )iio- Expository + Inquiry 
of teaching strategies 
that would reflect 
the nature of biology 
achieved? Lectures 
Verification 
Practical 
or 
Investigative 
practical 
Investigative 
project 
Reference 
material 
Original data 
Entire scientific 
papers 
Case Studies 
figure 6. 1 : The.oretical framework for the teaching of biology 
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Attitudes and 
values 
Inculcation 
of correct 
attitudes 
and values 
6.2.1 Nature of biology 
The survey in this research study found that a large majority of the teachers (73 
out of 113 i.e. 64,60%) were familiar with this topic "to a great extent". Only 7 
teachers (6, 19%) answered "not'at all". The remaining 33 teachers (29,20%) 
answered "to a small extent". 
The fact that a large majority of the teachers were familiar with the topic "to a 
great extent" issurprising.~ecent research done by Isaac (1990:319 & 336) and 
Magi (1993:43) concluded that teachers in KwaZulu-Natal stressed the learning 
of detailed information i.e. mainly the product component of the nature of biology. 
These studies clearly indicated that teachers in KwaZulu-Natal portrayed biology 
as an objective body of knowledge. This implied that no or very little attention 
was given to the nature of biology. 
Similar findings were found to be true for other parts of South Africa (Sanders, 
1990: 11; Slabbert, 1990:67; Watson, 1990:45). In the U.S.A. Collins and 
Gallagher (Tobin et al. 1994:62) concluded that teachers did not understand the 
nature of science. A mismatch between the responses of the teachers in this 
research study and from those of Isaac's, Magi's, Sander's, Collin's and 
Gallagher's research therefore exists. 
Possible reasons for this mismatch maybe attributed to one of the following: 
(a) The researcher failed to elaborate the current philosophical view of the 
nature of biology i.e. its threefold nature in the questionnaire. Both the 
researcher and assistant researchers only provided an explanation of 
what was intended when approached by teachers. This implies, 
therefore, that teachers who did not understand the current view of the 
nature of science, may have interpreted this topic with a different 
meaning. Data from questionnaires completed by teachers from the 
greater Durban area and presently being analysed by a prospective 
Master of Education student in science education at the University of 
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Western Cape (Preethlall: 1995) clearly indicates that teachers have 
assigned various interpretations to this topic. 
(b) Many science teacher education programmes had recently given 
attention to the topic to both practising and prospective teachers. At a 
workshop organized by th .. e Association for Science Teacher Educators 
(ASTE) in March 1992 at the University of Zululand practising biology 
teachers and science lecturers from the education faculty of tertiary 
institutions were made cognisant of the nature of science (Clark: 1992). 
At a more recent workshop organized for biology teachers at Durban 
Teacher's Centre in July 1995, the nature of biology and the aims and 
objectives of biology teaching were stressed in a discussion pertaining 
to the proposed 1996 common Senior Certificate Examination for the 
province of KwaZulu-Natal (Isaac and Muller: 1995). 
(c) The inclusion of the topic in the methodology courses offered to 
prospective H.E.D. biology teachers and practising biology teachers 
enrolled for the F.D.E. biology course at the Springfield College of 
Education. 
Although there is a mismatch about the teachers' understanding of the nature of 
biology between this research study and earlier research studies in South Africa 
and the U.S.A. (Isaac, 1990:319,336; Watson, 1990:45; Slabbert, 1990:11; 
Sanders, 1990: 11; Magi, 1993:43 and Tobin et al. 1994:62) the teachers' 
responses to the question on the questionnaire are still deemed useful. These 
responses have serious implications especially when recommendations are 
being made for the use of investigative project work as a teaching strategy. 
6.2.2 Aims and objectives of biology teaching 
Eighty two of the 113 teachers (72,57%) indicated that they were familiar with the 
aims and objectives of biology teaching "to a great extent". Twenty six (23,01 %) 
answered "to a small extent". Very few i.e. just 5 teachers (4,42%) answered 
"not at all". 
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The following reasons may provide an explanation as to why a high percentage 
of the teachers should be aware of the aims and objectives of biology teaching. 
(a) The Professional Qualification of the Teachers 
Only 13 teachers (11,50%) indicated that they were not qualified to 
teach biology (See Table 5.12). When the teachers who participated 
in Isaac's research (1990:217) were asked whether they studied the 
topic "Aims and objectives of biology teaching" in their professional 
training courses, 86 of the 94 teachers (91 A9%) who were 
professionally qualified answered in the affirmative. 
Although Isaac's research involved teachers from just the former HOD 
education department, it was found that teachers from the other former 
departments also studied this topic during their professional training. 
This information was obtained from two sources. Superintendents of 
the former departments i.e. DET, HOD, HOR KZ and NED were 
telephonically contacted in August 1995 and enquiries concerning this 
topic were made. The discussion revolved around 2 main issues. The 
first issue was their perception (i.e. the superintendents') as to whether 
the teachers in "their'' departments studied the topic during their 
professional training course. The second issue involved the extent of 
exposure of this topic to practising teachers. 
All 5 superintendents indicated that the majority of "their" teachers were 
cognisant of the aims and objectives of biology teaching before they 
started teaching. However, it was found from the discussion that the 
amount of exposure to this topic varied during the professional training 
course of the teachers. This is understandable when one considers the 
fact that the "depth of a topic" covered at tertiary institutions can vary. 
Lecturers have great flexibility with regard to the content coverage. 
163 
The second source of obtaining this information was from some of the 
teachers who participated in this research study. This again was done 
telephonically in August 1995. The teachers from all 5 former 
departments re-affirmed what the superintendents stated i.e. the majority 
of teachers studied this topic during their professional training course but 
at different "depths". 
(b) Reinforcement By The Former Education Departments 
In the former NED and HOD a "subject committee" from each 
department provided information on this topic to practising teachers. 
The subject committee of the former HOD comprised of KwaZulu-Natal 
based superintendents of education for biology, lecturers from the 
teacher-training institutions (Springfield College of Education and the 
University of Durban-Westville), representatives from the planning 
section of the Department of Education and one or more teachers of 
biology. The composition of the former NED subject committee was 
very similar to that of the former HOD. However, included in the NED 
one were two representatives from technikons. Some of the functions 
of the subject committee were the following: 
(i) Elaboration of core syllabii provided by the Joint Matriculation 
Board (JMB) before it is distributed to schools. 
(ii) Providing guidance on the teaching of "new" or "difficult" topics in 
the syllabus. 
(iii) Updating teachers on the latest developments with regard to 
methods of teaching biology. 
Functions (ii) and (iii) above were usually carried out by means of short 
orientation courses, workshops, conferences and conventions. Journal articles 
in the former HOD's own "Education Bulletin" also provided guidance and 
updated teachers. Some of the activities of the HOD's subject committee 
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that enlightened teachers in the topic were: 
(i) Selmes in July 1977 conducted a workshop for teachers entitled 
"Aims and objectives in biology teaching" at the Springfield College 
of Education. 
(ii) In 1983 secondary schools of the former HOD were given a 
document in which the entire senior secondary biology syllabii 
were cast in term of objectives (Department of Internal Affairs 1983 
a). 
(iii) The publication of a journal article entitled "The purpose and value 
of drafting the higher and standard grade biology syllabus in terms 
of educational objectives and how this could affect the Senior 
Certificate Examination". (Department of Internal Affairs 1983b). 
The superintendent of the former NED department indicated that 
exposure of this topic occurred mainly at short orientation courses 
workshops, conferences and conventions. In the former departments 
of HOR, KZ and DET subject committees as described for HOD and 
NED did not exist. The functions of the subject committee were 
executed by the superintendents themselves. 
(c) The inclusion of aims and objectives in the preamble to the syllabii 
despatched by the former departments. 
6.3 TEACHERS' RESPONSES ABOUT THE AIMS AND OBJECTIVES OF 
BIOLOGY TEACHING AND THE INVESTIGATIVE PROJECT STRATEGY 
The 33 objectives of biology teaching compiled by Isaac (1990:220-221) were 
numbered and listed in the questionnaire to teachers. These objectives 
concerned the acquisition of knowledge, the development of inquiry skills and the 
development of attitudes and values. Listed below are the objectives of biology 
teaching that appeared in the questionnaire. 
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1. ability to recall information (terms, symbols, drawing, diagrams, 
structures, functions, classifications, properties, life cycles, processes, 
names of apparatus, chemicals, specimens, laboratory procedures and 
precautions etc.). 
2. ability to show relationship between form and function, between 
organisms and environment, amongst organisms and between processes. 
3. ability to demonstrate knowledge and understanding of the personal, 
social, economic and technological applications of biology. 
4. ability to explain the major themes of biology such as evolution, the 
continuity of life, homeostasis and energy flow. 
5. ability to identify problems. 
6. ability to formulate hypotheses. 
7. ability to design experiments or investigations to test hypothesis. 
8. ability to perform basic laboratory skills such as slide preparation and use 
of pipettes, burners and microscopes. 
9. ability to select and use the correct apparatus to carry out 
investigations/experiments. 
10. ability to make observations and record these in the form of drawings, 
diagrams, tables, graphs and paragraphs. 
11. ability to obtain information from reliable sources such as texts and 
journals. 
12. ability to select and organise information relevant to a particular theme. , 
topic or problem. 
13. ability to make accurate calculations. 
14. ability to solve numerical problems. 
15. ability to generalise, summarise, draw conclusions, make deductions, 
form inferences, evaluate non-numerical and non-graphical information 
and make decisions based on it. 
16. ability to generalise, summarise, draw conclusions, make deductions, 
form inferences, evaluate numerical and graphical information and make 
decisions based on it. 
17. ability to determine limitations in the design of experiments/investigations 
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and in the information presented (e.g. owing to lack of proper controls, 
faulty reasoning, confusion between assumptions and facts and between 
opinion and valid conclusions). 
18. ability to demand evidence in support of claims. 
19. ability to communicate ideas orally and in writing. 
20. ability to distinguish the process of scientific inquiry from magic, 
superstition and witchcraft. 
21. ability to carry out biological activities enthusiastically. 
22. ability to persist and pursue work to its successful conclusion. 
23. ability to represent all observations honestly and objectively. 
24. ability to exercise an open mind with a willingness to reverse judgements 
in the light of new evidence. 
25. ability to suspend judgement until reliable evidence can be found. 
26. ability to show respect and tolerance for the point of view of others. 
27. ability to work willingly in co-operation with others. 
28. ability to show initiative, resourcefulness, creativity and imagination in the 
approach to solving problems. 
29. ability to show respect and sensitivity in the handling of all forms of life. 
30. ability to develop curiosity and an interest in, and an enjoyment of, living 
things. 
31. ability to exercise responsibility in the handling of chemicals, specimens 
and apparatus (i.e. uses materials sparingly, exercises necessary care 
and safety precautions, considers the safety of others, avoids damage to 
equipment). 
32. ability to keep work place neat and tidy. 
33. ability to show appreciation for the importance of investigatory work in 
biology. 
Teachers were requested to indicate the extent to which investigative project 
work in the teaching of biology in secondary schools could be successful in 
achieving each of the 33 objectives A four point scale, according to the following 
key, was to be used: 
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To a very great extent 
To a great extent 
To a small extent 
Not at all 
The teachers were urged to indicate their personal opinions. They were also 
asked to add any objectives they felt were omittted and treat them in the same 
way as the others. Although some teachers did add objectives to the list, it was 
found that the additional objective/s was/were already included. These teachers 
merely expressed the objectives in different words without altering the original 
meaning. In other words it can be said that the teachers did not add any 
objective to the list. Some teachers expressed surprise at the number of 
objectives that were associated with the teaching of biology. 
From the discussion of the concept of teaching in Chapter 4 it is possible that the 
113 teachers who participated in this research study may have different 
perceptions about investigative project work and the 33 objectives. While this is 
understandable and acceptable it must be emphasized that too many different 
perceptions can make analysis of the data difficult or even impossible. 
Difficulties may therefore be experienced by the researcher because of the large 
number of objectives (33) that appeared on the questionnaire. To overcome this 
foreseen difficulty i.e. different perceptions of the teachers for each of the 33 
listed objectives, the researcher opted to analyse the data in terms of the 3 
global aims of biology teaching. These 3 are the acquisition of knowledge, the 
development of inquiry skills and the inculcation of correct attitudes and values. 
Since the 3 global aims were used to derive the list of 33 objectives, attainment 
of the aims therefore represents attainment of the objectives of biology teaching 
and vice versa. 
The extent of success of investigative project work from the teachers as a single 
group or from "all the teachers" for objectives concerned with each global aim 
was analysed first. At times teachers did not respond to the question. Therefore 
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a column with the caption "no response" was added to each table. The findings 
of these analyses are representative of all the teachers in KwaZulu-Natal. 
However, it may be possible that it may not be the "feeling/s" of teachers in a 
particular former department or of private schools. Therefore to ascertain how 
the 6 groups of teachers felt it became necessary to analyse each of the 33 
objectives for the 5 former departments of education and for private schools. 
The 33 objectives were again grouped to correspond with the aim from which it 
was derived. Thereafter conclusion/s concerning the global aim or/and specific 
objectives were made. Similarities and/or differences in respect of the extent of 
success of investigative project work were seen by the researcher as "useful 
indicators" when recommendations are to be made for a way forward in biology 
education in South Africa. Finally, the extent of success of investigative project 
work from all the teachers for the entire range of objectives was ranked in 
descending order. 
6.3.1 Objectives concerned with the acquisition of knowledge 
Tables 6.1 - 6.5 represent the analyses of all the teachers' responses concerning 
the extent of success. of investigative project work for the attainment of objectives 
number 1 to 4. These 4 objectives have been derived from the aim, the 
acquisition of knowledge and represent the product component of the nature of 
biology. 
169 
Table 6.1: Teachers' responses to objectives 1 to 4 
OBJECTIVE NUMBER 1 2 3 4 
VERY GREAT 50 .. 57 38 38 
% 44,25 50,44 33,63 33,63 
GREAT 46 42 49 50 
% 40,71 37,17 43,36 44,25 
SMALL 17 14 25 21 
% 15,04 12,39 22,12 18,58 
NOT AT ALL 1 4 
% 0,88 3,54 
NO RESPONSE 
% 
TOTAL 113 113 113 113 
% 100 100 *99,99 100 
*N.B.: "Rounding off' error 
Table 6.2: Teachers' responses per former department and for private schools for 
objective number 1 i.e. ability to recall information (terms, symbols, 
drawings, structures, functions, classification, properties, life cycles, 
processes, names of apparatus, chemicals, specimens, laboratory 
procedures and precautions etc.) 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 10 5 1 16 
% 62,5 31,25 6,25 100 
HOD 9 13 6 28 
% 32,14 46,43 21,43 100 
HOR 2 2 4 
% 50 50 100 
KZ 24 17 5 46 
% 52,17 36,96 10,87 100 
NED 4 5 3 12 
% 33,33 41,67 25 100 
PS 1 4 2 7 
% 14,29 57,14 28,57 100 
TOTAL 50 46 17 113 
% 44,25 40,71 15,04 100 
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Table 6.3: Teachers' responses per former department and for private schools for 
objective number 2 i.e. ability to show relationship between form and 
function, between organisms and their environment, amongst organisms 
and between processes 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 11 3 2 16 
% 68,75 18,75 12,50 100 
HOD 18 8 2 28 
% 64,29 28,57 7,14 100 
HOR 2 2 4 
% 50 50 100 
KZ 16 21 9 46 
% 34,78 45,65 19,57 100 
NED 7 5 12 
% 58,33 41,67 100 
PS 3 3 1 7 
% 42,86 42,86 14,29 *100,01 
TOTAL 57 42 14 113 
% 50,44 37,17 12,39 100 
*N.B.: "Rounding off' error 
Table 6.4: Teachers' responses per former department and for private schools for 
objective number 3 i.e. ability to demonstrate knowledge and 
understanding of the personal, social, economic and technological 
applications of biology 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 7 5 3 1 16 
% 43,75 31,25 18,75 6,25 100 
HOD 7 12 9 28 
% 25 42,86 32,14 100 
HOR 3 1 4 
% 75 25 100 
KZ 17 22 7 46 
% 36,96 47,83 15,22 100,01 
NED 5 4 3 12 
% 41,67 33,33 25 100 
PS 2 3 2 7 
% 28,57 42,86 28,57 100 
TOTAL 38 49 25 1 113 
% 33,63 43,36 22,12 0,88 '"99,99 
'"N.B.: "Rounding off' error 
17? 
Table 6.5: Teachers' responses per former department and for private schools for 
objective number 4 i.e. ability to explain the major themes of biology such 
as evolution, the continuity of life, homeostasis and energy flow. 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 7 2 6 1 16 
% 43,75 12,50 37,5 6,25 100 
HOD 9 12 6 1 28 
% 32,14 42,86 21,43 3,57 100 
HOR 1 3 4 
% 25 75 100 
KZ 15 26 3 2 46 
% 32,61 56,52 6,52 4,35 100 
NED 4 3 5 12 
% 33,33 25 41,67 100 
PS 2 4 1 7 
% 28,57 57,14 14,29 100 
TOTAL 38 50 21 4 113 
% 33,63 44,25 18,58 3,54 100 
The following conclusions can be drawn from the analysis represented in Table 6.1. 
(a) A large majority of teachers felt that investigative project work is a 
successful teaching strategy. All 4 objectives concerned with the 
acquisition of knowledge (products) drew responses of "at least to a great 
extent" as shown below. 
OBJECTIVE TOA TOA TOTAL - AT LEAST TO 
NUMBER VERY GREAT GREAT EXTENT A GREAT EXTENT 
EXTENT 
2 50,44% 37,17% 87,61% 
1 44,25% 40,71% 84,96% 
4 33,63% 44,25% 77,88% 
3 33,63% 43,36% 76,99% 
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This large majority of teachers therefore ranged from 76,99% for objective 
number 3 to 87,61 % for objective number 2. In other words, 76,99% of 
the teachers felt that investigative project work could be a successful 
teaching strategy that could achieve all 4 objectives concerned with the 
.. 
acquisition of knowledge "to at least a great extent". 
(b) The objective that drew the largest percentage of "at least to a great 
extent" was number 2 (87,61 %). Perhaps the teachers felt pupils need to 
learn about the relationship between form and function, between 
organisms and their environment, amongst organisms and between 
processes than the mere recall of information (objective number 1 -
84,96%). It is possible also that teachers regarded this objective as being 
an important one since simple investigative projects may be ways and 
means for pupils to "try and test" their envisioned ideas about 
relationships in biology. 
(c) Objectives number 1 and 2 on one hand and 3 and 4 on the other hand 
drew percentages that were not significantly different from each other. 
The difference in percentage was 2,65% for objectives 1 and 2 and 0,89 
for objectives 3 and 4. 
( d) All 4 objectives also drew responses of "to a small extent" and/or "not at 
all". The percentages for each of these categories is given alongside the 
number of each objective below. 
OBJECTIVE TOA SMALL NOT AT ALL TOTAL 
NUMBER 
2 
1 
4 
3 
EXTENT 
12,39% 12,39% 
15,04% 15,04% 
18,58% 3,54% 22,12% 
22,12% 0,88% 23,00% 
The percentage of teachers who responded by choosing "to a small 
extent" and "not at all" ranged from 12,39% (objective number 2) to 
23,00% (objective number 3).The low percentage of teachers who 
responded in these ways re-affirms the idea of what teachers felt about 
investigative project work i.e. achieving all 4 objectives "to at least a great 
extent". 
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( e) Inquiry teaching strategies in the opinion of the teachers could achieve 
the objectives concerned with the acquisition of knowledge. This is in 
keeping with the opinions expressed by researchers cited in the literature 
survey discussed in Chapter 4 (Renner et al. 1973: 107; Raghubir, 
1979: 16; Isaac, 1990). 
Further conclusions from Tables 6.1 to 6.5 are as follows: 
(f) The rank order (highest % to lowest % ) of the 4 objectives for responses 
"to at least a great extent" for the 5 former departments and private 
schools varied from each other as shown below: 
FORMER 
DEPARTMENT/PS RANK ORDER OF OBJECTIVES 1 TO 4 
DET 
HOD 
HOR 
KZ 
NED 
PS 
"TO AT LEAST A GREAT EXTENT" 
1 2 3 4 
93,75% 87,5% 75% 56,25% 
2 1 4 3 
92,86% 78,57% 75% 67,86% 
1,2,4 3 
100% 75% 
1,4 3 2 
89,13% 84,79% 80,43% 
2 1,3 4 
100% 75% 58,33% 
2 4 1,3 
85,72% 85,71% 71,43% 
This difference was not suprising since the extent of success of 
investigative project work depend upon factors such as ... 
(i) conditions under which biology is taught. 
(ii) context in which biology is taught 
(iii) values of teachers 
(iv) preferences of pupils 
Objective number 1 (recall) was ranked at a lower level by teachers 
from private schools (71,43%) when compared to teachers from the 5 
former departments. (DET: 93,75%; HOD: 78,57%; HOR: 100%; 
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KZ: 89, 13%; NED: 75%). Perhaps these teachers felt in the same way 
as Yager and Huang (1994). These researchers state that mastery of 
pure content limits pupils' interest and motivation for indepth 
exploration. This they declared was ineffective for educating future 
.. 
citizens to live and act differently (Yager and Huang, 1994:100). Yager 
and Huang therefore implied that if investigative project work were to 
attain just recall of knowledge/information then pupils' time, energy and 
efforts would be "wasted" since thinking, exploration and the 
development of life-long skills would be largely ignored. Highlighting 
objective number 1 in the above manner, in no way implies that the 
response of the majority of teachers from the 5 former departments 
toward this objective is being undermined. These teachers ranked 
objective number 1 high in "their'' rank order. They probably felt that the 
body of knowledge/information that pupils obtain from their investigative 
projects would be retained longer or perhaps forever since the pupils 
found out the information by themselves. Similar sentiments were 
expressed by Williams ( 1984: 182). 
Objective number 3 (ability to demonstrate knowledge and 
understanding of the personal, social, economic and technological 
applications of biology) was ranked low in the rank order by teachers 
from private schools (3rd place) and from former departments except 
NED (DET: 3rd place; HOD: 4th place; HOR: 4th place; KZ: 3rd 
place; NED: 2nd place). This implies that the facts included in the 
biology syllabii are used, merely to reinforce the accepted knowledge 
of the discipline rather than serving the personal needs of the pupils 
and society' s needs. The following opportunities are therefore being 
"under-played" in biology teaching: 
(i) Improving pupils' personal lives. 
(ii) Allowing pupils to cope with an increasingly technological world. 
(iii) Producing informed citizens prepared to deal responsibily with 
science-related societal issues. 
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(iv) Providing all pupils an awareness of the nature and scope of a 
wide variety of biology and technology-related careers that are 
open to pupils of varying aptitudes and interests. 
It is probable that this situation exists because of the many constraints 
in the present educational system. Constraints probably include 
teacher competency to teach such issues, teachers' perception of it 
constituting additional work for them, limited/no finances, limited/no 
laboratory facilities limited/no resource material, pressure to produce 
good examination results and exclusion of such issues from present 
assessment procedures. It is also probable that current biology syllabii 
do not make mention and provision for the teaching of such issues. 
Objective number 4 (the ability to explain the major themes of biology 
such as evolution, the continuity of life, homeostasis and energy flow) 
was ranked high in the rank order by teachers from KZ (1st/2nd place) 
and PS (2nd place). The reason for this is not clear. Teachers from the 
other former departments probably felt that major themes would entail 
too much of work for pupils and also for themselves. In other words it 
may have been considered by the teachers as being a "greedy 
expensive way" in respect of pupils' time, energy, effort and 
assessment. It is also possible that these teachers visualized 
investigative project work as one that ought to provide "depth" on a 
specific aspect in biology than "broad syllabus coverage" (Hewton, 
1975:21 ). The length of the syllabus probably also deterred teachers 
from encouraging pupils to choose projects involving themes. 
To sum up then it can be said that investigative project work can achieve all 4 
objectives "to at least a great extent". However, objectives number 1 and 2 drew 
more responses (84,96% and 87,61 % respectively) than objectives 3 and 4 
(76,99% and 77,88% respectively). 
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6.3.2 Objectives concerned with the development of inquiry skills 
Table 6.6 represents the analysis of the teachers' responses concerning the 
extent of success of investigative project work for the attainment of the 16 
.. 
objectives concerned with the development of inquiry skills. These objectives are 
numbered 5 to 20. 
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Table 6.6: Teachers' responses to objectives 5 to 20. 
>BJ. 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
10. 
'ERY 
;REA 56 50 59 62 66 63 57 46 33 33 50 49 36 34 61 41 
49,56 44,25 52,21 54,87 58,41 55,75 50,44 40,71 29,20 29,20 44,25 43,36 31,86 30,09 53,98 36,28 
'o 
44 51 38 35 36 39 39 53 55 44 43 40 48 43 40 39 
>REA 38,94 45,13 33,63 30,97 31,86 34,51 34,51 46,90 48,67 38,94 38,05 35,40 42,48 38,05 35,40 34,51 
'o 11 12 13 11 8 9 14 12 21 33 18 21 27 25 11 25 
9,73 10,62 11,50 9,73 7,08 7,96 12,39 10,62 18,58 29,20 15,93 18,58 23,89 22,12 9,73 22,12 
>MALL 
'o 
1 3 4 3 1 3 2 4 3 1 1 6 6 
iOT 0,88 2,65 3,54 2,65 0,88 2,65 1,77 3,54 2,65 0,88 0,88 5,31 5,31 
ff ALL 1 
'o 0,88 
1 1 1 1 2 2 5 2 
'° 
0,88 0,88 0,88 0,88 1,77 1,77 4,42 113 1,77 
~ES. *99,99 
113 113 113 113 113 113 113 113 113 113 113 113 113 113 113 
lo *99,99 *99,99 100 *99,98 100 *99,99 *99,99 100 *99,99 *99,99 *99,99 *99,99 100 *99,99 *99,99 
"OTAL 
lo 
*N.B.: "Rounding off' error 
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The following conclusions can be drawn from Table 6.6: 
(a) All 16 objectives drew responses of "to a very great extent", "to a great 
extent", "to a small extent" and/or "not at all" . 
.. 
(b) A large majority of the teachers felt that the investigative project is a 
successful teaching strategy that can achieve all 16 objectives "to at least 
a great extent" as shown on the next page. This large majority ranged 
from 68, 14% for objectives number 18 and 14 (ability to demand evidence 
in support of claims and ability to solve numerical problems respectively) 
to 90,27% for objective number 9 (ability to select and use the correct 
apparatus to carry out investigations/experiments). The objective that 
drew the second highest percentage (90,26%) was objective number 10 
(ability to make observations and record these in the form of drawings, 
diagrams, tables, graphs and paragraphs respectively). This large 
majority of teachers responded in this way because they probably felt that 
since these objectives all dealt either directly or indirectly with 
experimental work, they (that is the objectives) were thus directly linked 
to what pupils ought to be doing or achieving when attempting 
investigative projects. In contrast, some teachers found that these 
objectives could be achieved only "to a small extent". This minority of 
teachers ranged from 7,08% for objective number 9 (ability to select and 
use the correct apparatus to carry out investigations/experiments) to 
29,20% for objective number 14 (ability to solve numerical problems). 
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OBJECTIVE 
NUMBER 
09 
10 
06 
19 
05 
12 
07 
08 
11 
15 
16 
13 
17 
20 
18 
14 
VERY GREAT GREAT EXTENT TOTAL 
EXTENT 
58,41% 31,86% 90,27% 
55,75% 34,S.1% 90,26% 
44,25% 45,13% 89,38% 
53,98% 35,40% 89,38% 
49,56% 38,94% 88,50% 
40,71% 46,90% 87,61% 
52,21% 33,63% 85,84% 
54,87% 30,97% 85,84% 
50,44% 34,51% 84,95% 
44,25% 38,05% 82,30% 
43,36% 35,40% 78,76% 
29,20% 48,67% 77,87% 
31,86% 42,48% 74,34% 
36,28% 34,51% 70,79% 
30,09% 38,05% 68,14% 
29,20% 38,94% 68,14% 
(c) A very small number of teachers responded to the option "not at 
all" and/or did not respond to these 16 objectives. Objective 
number 18 (ability to demand evidence in support of claims) drew 
the highest percentage of "not at all" and "no response" (9,73%). 
This is understandable when one considers the fact that this 
objective is very rarely envisioned for the type of practical work 
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presently being done at secondary school level. Research done by 
Isaac (1990:274) indicates that the verification type of practical 
work is very often attempted. 
Tables 6.7 to 6.22 represent the analysis of teachers' responses from the 
individual former departments and from private schools for each of the 16 
objectives related to aim, the development of inquiry skills 
Table 6.7: Teachers' responses per former department and for private schools for 
objective number 5 i.e. ability to identify problems 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 7 7 2 16 
% 43,75 43,75 12,5 100 
HOD 17 9 2 28 
% 60,71 32,14 7,14 *99,99 
HOR 2 1 1 4 
% 50 25 25 100 
KZ 20 20 4 1 1 46 
% 43,48 43,48 8,70 2,17 2,17 100 
NED 6 4 2 12 
% 50 33,33 16,67 100 
PS 4 3 7 
% 57,14 42,86 100 
TOTAL 56 44 11 1 1 113 
% 49,56 38,94 9,73 0,88 0,88 100 
*N.B.: "Rounding off' error 
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% 
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HOR 
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KZ 
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NED 
% 
PS 
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Table 6.8: Teachers' responses per former department and for private 
schools for objective number 6 i.e. ability to formulate hypotheses 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
7 6 3 16 
43,75 37,5 18,75 100 
15 12 1 28 
53,57 42,86 3,57 100 
2 1 1 4 
50 25 25 100 
15 25 6 46 
32,61 54,35 13,04 100 
7 4 1 12 
58,33 33,33 8,33 *99,99 
4 3 7 
57,14 42,86 100 
TOTAL 50 51 12 113 
% 44,25 45,13 10,62 100 
*N.B.: "Rounding off' error 
Table 6. 9: Teachers' responses per former department and for private schools for 
objective number 7 i.e. ability to design experiments or investigations to 
test hypothesis 
.. 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 6 7 2 1 16 
% 37,50 43,75 12,5 6,25 100 
HOD 17 8 2 1 28 
% 60,71 28,57 7,14 3,57 *99,99 
HOR 2 2 4 
% 50 50 100 
KZ 22 16 7 1 46 
% 47,83 34,78 15,22 2,17 100 
NED 6 4 2 12 
% 50 33,33 '16,67 100 
PS 6 1 7 
% 85,71 14,29 100 
TOTAL 59 38 13 3 113 
% 52,21 33,63 11,50 2,65 *99,99 
*N.B.: "Rounding off" error 
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Table 6.10: Teachers' responses per former department and for private 
schools for objective number 8 i.e. ability to perform basic 
laboratory skills such as slide preparation and use of pipettes, 
burners and microscopes 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
8 6 2 16 
50 37,50 12,50 100 
17 8 2 1 28 
60,71 28,57 7,14 3,57 *99,99 
2 2 4 
50 50 100 
23 14 5 3 1 46 
50 30,43 10,87 6,52 2,17 *99,99 
7 4 1 12 
58,33 33,33 8,33 *99,99 
5 1 1 7 
71,43 14,29 14,29 *100,01 
TOTAL 62 35 11 4 1 113 
% 54,87 30,97 9,73 3,54 0,88 *99,99 
*N.8.: "Rounding off' error 
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Table 6.11: Teachers' responses per former department and for private schools for 
objective number 9 i.e. ability to select and use the correct apparatus to 
carry out investigations/experiments 
TO AVERY TOA 1.0A NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 8 6 1 1 16 
% 50 37,50 6,25 6,25 100 
HOD 16 9 3 28 
% 57,14 32,14 10,71 *99,99 
HOR 2 2 4 
% 50 50 100 
KZ 28 14 2 2 46 
% 60,87 30,43 4,35 4,35 100 
NED 7 4 1 12 
% 58,33 33,33 8,33 *99,99 
PS 5 1 1 7 
% 71,43 14,29 14,29 *100,01 
TOTAL 66 36 8 3 113 
% 58,41 31,86 7,08 2,65 100 
*N.B.: "Rounding off' error 
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Table 6.12: Teachers' responses per former department and for private schools for 
objective number 1 O i.e ability to make observations and record these in 
the form of drawings, diagrams, tables, graphs and paragraphs 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 7 8 1 16 
% 43,75 50 6,25 100 
HOD 19 8 1 28 
% 67,86 28,57 3,57 100 
HOR 3 1 4 
% 75 25 100 
KZ 23 15 6 1 1 46 
% 50 32,61 13,04 2,17 2,17 *99,99 
NED 7 4 1 12 
% 58,33 33,33 8,33 *99,99 
PS 4 3 7 
% 57,14 42,86 *99,99 
TOTAL 63 39 9 1 1 113 
% 55,75 34,51 7,96 0,88 0,88 *99,98 
*N.B.: "Rounding off' error 
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Table 6.13: Teachers' responses per former department and for private schools for 
objective number 11 i.e. ability to obtain information from reliable sources 
such as texts and journals 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 7 8 1 16 
% 43,75 50 6,25 100 
HOD 17 6 4 1 28 
% 60,71 21,43 14,29 3,57 100 
HOR 3 1 4 
% 75 25 100 
KZ 21 20 5 46 
% 45,65 43,48 10,87 100 
NED 6 3 3 12 
% 50 25 25 100 
PS 3 1 1 2 7 
% 42,86 14,29 14,29 28,57 100 
TOTAL 57 39 14 3 113 
% 50,44 34,51 12,39 2,65 *99,99 
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Table 6.14: Teachers' responses per former department and for private schools for 
objective number 12 i.e. ability to select and organise information 
relevant to a particular theme, topic or problem 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 4 11 1 16 
% 25 68,75 6,25 100 
HOD 14 9 4 1 28 
% 50 32,14 14,29 3,57 100 
HOR 4 4 
% 100 100 
KZ 19 23 4 46 
% 41,30 50 8,70 100 
NED 5 4 3 12 
% 41,67 33,33 25 100 
PS 4 2 1 7 
% 57,14 28,57 14,29 100 
TOTAL 46 53 12 2 113 
% 40,71 46,90 10,62 1,77 100 
*N.B.: "Rounding off' error 
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Table 6.15: Teachers' responses per former department and for private schools for 
objective number 13 i.e. ability to make accurate calculations 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 3 9 3 1 16 
% 18,75 56,25 18,75 6,25 100 
HOD 10 16 2 28 
% 35,71 57,14 7,14 *99,99 
HOR 2 2 4 
% 50 50 100 
KZ 12 23 9 2 46 
% 26,09 50 19,57 4,35 100 
NED 3 3 5 1 12 
% 25 25 41,67 8,33 100 
PS 3 2 2 7 
% 42,86 28,57 28,57 100 
TOTAL 33 55 21 4 113 
% 29,20 48,67 18,58 3,54 *99,99 
*N.B.: "Rounding off' error 
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Table 6.16: Teachers' responses per former department and per private schools for 
objective number 14 i.e. ability to solve numerical problems 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 4 4 6 2 16 
% 25 25 37,50 12,50 100 
HOD 7 14 7 28 
% 25 50 25 100 
HOR 2 2 4 
% 50 50 100 
KZ 14 21 11 46 
% 30,43 45,65 23,91 *99,99 
NED 3 3 5 1 12 
% 25 25 41,67 8,33 100 
PS 3 2 2 7 
% 42,86 28,57 28,57 *99,99 
TOTAL 33 44 33 3 113 
% 29,20 38,94 29,20 2,65 *99,99 
*N.B.: "Rounding off' error 
Table 6.17: Teachers' responses per former department and for private schools for 
objective number 15 i.e. ability to generalise, summarise, draw 
conclusions, make deductions, form inferences, evaluate non-numerical 
and non-graphical information and make decisions based on it 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 6 9 1 16 
% 37,50 56,25 6,25 100 
HOD 15 8 5 28 
% 53,57 28,57 17,86 100 
HOR 2 1 1 4 
% 50 25 25 100 
KZ 18 20 8 46 
% 39,13 43,48 17,39 100 
NED 5 5 2 12 
% 41,67 41,67 16,67 *100,01 
PS 4 2 1 7 
% 57,14 28,57 14,29 *100,01 
TOTAL 50 43 18 1 1 113 
% 44,25 38,05 15,93 0,88 0,88 *99,99 
*N.8.: "Rounding off' error 
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Table 6.18: Teachers' responses per former department and for private schools for 
objective number 16 i.e. ability to generalise, summarise, draw 
conclusions, make deductions, form inferences, evaluate numerical and 
graphical information and make decisions based on it 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 5 10 1 16 
% 31,25 62,5 6,25 100 
HOD 13 8 6 1 28 
% 46,43 28,57 21,43 3,57 100 
HOR 2 1 1 4 
% 50 25 25 100 
KZ 20 16 9 1 46 
% 43,48 34,78 19,57 2,17 100 
NED 4 5 3 12 
% 33,33 41,67 25 100 
PS 5 1 1 7 
% 71,43 14,29 14,29 *100,01 
TOTAL 49 40 21 1 2 113 
% 43,36 35,40 18,58 0,88 1,77 *99,99 
*N.8.: "Rounding off' error 
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Table 6.19: Teachers' responses per former department and for private schools for 
objective number 17 i.e. ability to determine limitations in the design of 
experiments/investigations and in the information presented (e.g. due to 
lack of proper controls, faulty reasoning, confusion between assumptions 
and facts and between opinion and valid conclusions). 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 4 6 6 16 
% 25 37,5 37,5 100 
HOD 11 12 5 28 
% 39,29 42,86 17,86 *100,01 
HOR 1 3 4 
% 25 75 100 
KZ 14 22 9 1 46 
% 30,43 47,83 19,57 2,17 100 
NED 4 6 2 12 
% 33,33 50 '16,67 100 
PS 3 1 2 1 7 
% 42,86 14,29 28,57 14,29 100 
TOTAL 36 48 27 2 113 
% 31,86 42,48 23,89 1,77 100 
*N.B.: "Rounding off' error 
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Table 6.20: Teachers' responses per former department and for private schools for 
objective number 18 i.e. ability to demand evidence in support of claims 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 4 6 2 3 1 16 
% 25 37,5 12,5 18,75 6,25 100 
HOD 15 8 4 1 28 
% 53,57 28,57 14,29 3,57 *100,01 
HOR 1 3 4 
% 25 75 100 
KZ 9 21 13 2 1 46 
% 19,57 45,65 28,26 4,35 2,17 *99,99 
NED 3 5 2 2 12 
% 25 41,67 16,67 16,67 *100,01 
PS 2 3 1 1 7 
% 28,57 42,86 14,29 14,29 100 
TOTAL 34 43 25 6 5 113 
% 30,09 38,05 22,12 5,31 4,42 *99,99 
*N.B.: "Rounding off' error 
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Table 6.21: Teachers' responses per former department and for private schools for 
objective number 19 i.e. ability to communicate ideas orally and in writing 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT ~MALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 9 6 1 16 
% 56,25 37,5 6,25 100 
HOD 12 12 4 28 
% 42,86 42,86 14,29 *100,01 
HOR 1 3 4 
% 25 75 100 
KZ 28 13 4 1 46 
% 60;87 28,26 8,70 2,17 100 
NED 5 5 2 12 
% 41,67 41,67 16,67 *100,01 
PS 6 1 7 
% 85,71 14,29 100 
TOTAL 61 40 11 1 113 
% 53,98 35,40 9,73 0,88 *99,99 
*N.B.: "Rounding off' error 
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Table 6.22: Teachers' responses per former department and for private schools for 
objective number 20 i.e. ability to distinguish the process of scientific 
inquiry from magic, superstition and witchcraft 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 6 4 4 2 16 
% 37,5 25 25 12,5 100 
HOD 15 10 3 28 
% 53,57 35,71 10,71 *99,99 
HOR 3 1 4 
% 75 25 100 
KZ 17 14 12 2 1 46 
% 36,96 30,43 26,09 4,35 2,17 100 
NED 3 7 1 1 12 
% 25 58,33 8,33 8,33 *99,99 
PS 4 2 1 7 
% 57,14 28,57 14,29 100 
TOTAL 41 39 25 6 2 113 
% 36,28 34,51 22,12 5,31 1,77 *99,99 
*N.B.: "Rounding off' error 
Although, as a single unit, the teachers felt that all 16 objectives could be 
achieved "to at least a great extent"' when teased out in terms of the 5 former 
departments and private schools, a different picture emerges as can be seen 
from tables 6.7 to 6.22. It is clear from these tables that the rank order (highest 
percentage to lowest percentage) of the 16 objectives for responses "to at least 
a great extent" from teachers of the 5 former departments and of private schools 
varied from each other. This variation is shown on the next page. 
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FORMER RANK ORDER OF OBJECTIVES NUMBER 5-20 
DEPT/PS FOR "AT LEAST A GREAT EXTENT" 
DET 10,12,15,16,19,11 5,8,9, 6,7, 13 20, 17, 18, 14, 
93,75% 87,5% 81,25% 75% 62,50% 50% 
HOD 6,10, 13,5 20,7,9,8, 19, 17, 11,15,12,18, 16,14 
I 96,43% 92,85% 89,28% 85,72% 82,15% 82,14% 75% ' I 
I 
HOR 10, 13,7,9,8, 19, 11, 12, 6,15,5,16, 14, 18,17 20 
100% 75% 50% 25% 0% 
KZ 9,12 11, 19, 6,5, 15,7,10, 8, 17,16, 13 14 18 20 
91,30% 89,13% 86,96% 82,61% 80,43% 78,26% 76,09% 76,08% 65,22% 67,39% 
NED 8,10,6,9, 19,15, 20,5,7,17, 16,11,12, 18 13,14 
91,66% 83,34% 83,33% 75% 66,67% 50% 
PS 7,5,6,19, 9,8, 12, 16,13, 14,18, 11, 17, 15,20 
100% 85,72% 85,71% 71,43% 71,43% 57,15% 57,14% 
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The following conclusions can be made from this rank order. 
(a) All teachers from PS and former DET, HOR, KZ and NED felt that all 16 
objectives could be achieved "to at least a great extent" by investigative 
project work. In other words only former HOR teachers felt otherwise. 
They felt that 3 objectives could not be achieved "to at least a great 
extent". These 3 objectives were: 
(i) 17 : ability to determine limitations in the design of 
experiments/investigations and in the information presented (e.g. 
due to lack of proper controls, faulty reasoning, confusion between 
assumptions and facts and between opinion and valid conclusions) 
(ii) 18 : ability to demand evidence in support of claims 
(iii) 20 : ability to distinguish the process of scientific inquiry from 
magic, superstition and witchcraft 
Objectives 17 and 18 drew 25% responses whilst objective 20 drew a 
0% response for "to at least a great extent". Perhaps these teachers 
felt that objectives 17 and 18 were too difficult for pupils to handle in the 
limited time allocated for the project. 
The reason for a 0% response for objective number 20 is very 
surprising and not clear. It is surprising since magic, superstition and 
witchcraft are realities in this world of ours. Superstition and witchcraft 
play an important role where "survival" is concerned. 
Isaac (1990:61) states that developing this skill in biology teaching is 
important for "without this ability many a pupil will probably be cheated 
out of their hard-savings and/or possessions sooner or later". 
Furthermore, G Mtombeni (1995) (Superintendent of biology of the 
former KZ department) at an in-service course held on 27 September 
1995 at Port Shepstone High School, indicated superstition occurs in all 
population groups and is not restricted to African people. She urged 
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teachers of all population groups to address this objective in their biology 
classrooms when lessons warranted discussions involving pupils'/peoples' 
superstitions. This she felt made the teaching of biology relevant to the 
daily lives of the pupils. 
Perhaps former HOR teachers felt that such discussions could cause 
conflict amongst pupils themselves, between teacher and 
parents/communities and/or between teacher and upper management 
especially if pupils came from different cultures and/or different 
backgrounds. It may also be possible that such discussions could provoke 
ridiculing of pupils of a particular population group. 
It is interesting to note also that teachers from PS, former DET and former 
KZ also placed less emphasis on this objective and investigative project 
work (PS: 57, 14%; DET: 62,50%; KZ: 67,39%). This finding has 
implications for in-service courses and also calls for further research. 
(b) Teachers from former DET, HOD, HOR, KZ and from PS ranked objectives 
numbers 14, 17 and 18 (ability to solve numerical problems, ability to 
determine limitations in the design of experiments/investigations and in the 
information presented e.g. due to lack of proper controls, faulty reasoning 
confusion between assumptions and facts and between opinion and valid 
conclusions and abilities to demand evidence in support of claims 
respectively) at the lower end of "their" rank order. The placing of these 
objectives in "their" rank order is: 
200 
DET 
HOD 
HOR 
KZ 
PS 
NED 
OBJECTIVE NUMBER 
14 17 18 
16th 13/14/1 Sth 13/14/15th 
15/16th 10th 11 /12/13/14th 
13th 14/1 Sth 14/1 Sth 
14th 11/12th 15th 
11/12th 13/14 th 11/12th 
Former NED teachers in contrast with the other 5 groups of teachers 
placed objective number 14 and 18 at the lower end of "their" rank order 
but allocated objective 17 at a higher place. The placing of these 
objectives by NED teachers is: 
OBJECTIVE NUMBER 
14 17 18 
15/16th 7/8/9/10th 14th 
Objective number 14 was probably seen by all teachers as being one that 
involved computational skills which may be too demanding for pupils who 
do not take mathematics as an examination subject. However, the 
reason/s for the placing of objectives 17 and 18 at the lower end of "their'' 
rank orders by teachers from former DET, HOD, HOR, KZ and from PS is 
not clear. Probably these teachers (and teachers from NED for objective 
18) felt that these objectives could be achieved by other inquiry teaching 
strategies since achievement of these objectives by investigative project 
work may be too demanding in respect of pupils' time, effort and cost. 
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(c) Only teachers from PS rated objectives number 11 (ability to obtain 
information from reliable sources such as texts and journals) and 15 (ability 
to generalize, summarize, draw conclusions, make deductions, form 
inferences, evaluate non-numerical and non-graphical information and 
make decisions based on ff) in the 55%-60% bracket. Teachers from the 
5 former departments felt that these 2 objectives could be achieved "to a 
greater degree" by investigative project work than teachers from PS. The 
percentage responses of all teachers for these 2 objectives for the option 
"to at least a great extent" is as follows: 
OBJECTIVE DET HOD HOR KZ NED PS 
NUMBER 
11 
15 
93,75% 82,14% 100% 89,13% 75% 57,15% 
93,75% 82,14% 75% 82,61% 83,34% 57,14% 
The reason for teachers from PS to respond in this manner is not clear. It 
is also confusing since both objectives are legitimate ones that can be 
achieved by investigative project work (Adderley et al. 1975:20-23). 
These teachers are high qualified both academically and professionally 
(see tables 5.11 & 5.12). Their high qualifications implies that they ought 
to be well versed with both these skills. Since PS are well resourced when 
compared with other former departmental schools and because of the PS 
teachers' high qualification, a higher percentage of responses for "to at 
least a great extent" was expected. This confusing picture calls for further 
research. 
Perhaps these PS teachers and also those teachers from the 5 former 
departments who opted for responses "to a small extent" and "not at all" 
felt that pupils ought to liaise personally with "experts" to obtain 
information. 
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Experts could include staff from tertiary institutions, graduate and 
postgraduate friends/member/s of the family, doctors, nurses and so on. 
While obtaining information in this manner is understandable and 
acceptable for the completion/executing of project work, it defeats the 
entire purpose of doing project work or learning by any other teaching 
strategy. Pupils ought to learn how to assess information from texts and 
journals. This ability is absolutely important for daily life. "Some expert" 
cannot be providing the information on a personal basis all the time. This 
therefore has serious implications for in-service courses. It also calls for 
further research as to why teachers of such high calibre from PS and who 
can pave a way forward for biology education in South Africa have not 
given these 2 objectives their rightful place in "their'' rank order. 
(d) There was a close match between the opinions of teachers from PS 
schools and researchers' views (Oowdeswell and Harris, 1979:210) of the 
sequence of phases/events of investigative project work. Teachers from 
private schools ranked the following objectives in the first seven positions 
of "their" rank order: 
(i) Identification of a problem (objective 5) 
(ii) Formulation of a hypothesis (objective 6) 
{iii) Designing of experiments/investigation to test hypothesis 
{objective 7) 
(iv) Selection and use of correct apparatus when carrying out 
investigations/experiments (objective 9) 
{v) Performing basic laboratory skills (objective 8) 
(vi) Making and recording of observations {objective 10) 
{vii) Communicating ideas (objective 19) 
The above implies that teachers from PS were most familiar with the 
sequence of phases/events of investigative project work. This again has 
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serious implication for in-service courses especially if teachers envision to 
use this strategy for the development of inquiry skills. 
To sum up then it can be said that there was a great spread in the selection of the 
.. 
options by the teachers. The analysis and ranking of the objectives clearly indicate 
that teachers of the 5 former departments and private schools have different 
perceptions about the extent of success of investigative project work for the 
attainment of some of the 16 objectives concerned with inquiry skills. However, 
there was a "cancelling out" effect of these different perceptions and the overall 
response of the majority of teachers as a single unit indicated that all 16 objectives 
could be achieved "to at least a great extent". 
6.4 Objectives concerned with the inculcation of attitudes and values 
Tables 6.23 to 6.36 represent the analyses of the teachers' responses concerning 
the extent of success of investigative project work for the attainment of 13 
objectives concerned with the inculcation of attitudes and values. These objectives 
are numbered 21 to 33. 
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Table 6.23: Teachers' responses to objectives 21 to 33 that is, the inculation of attitudes and values. 
OBJECTIVE 21 22 23 24 25 26 27 28 29 30 31 32 33 
NUMBER 
VERY GREAT 61 52 52 57 51 61 67 65 59 70 62 54 64 
% 53,98 46,02 46,02 50,44 45,13 53,98 59,29 57,52 52,21 61,95 54,87 47,79 56,64 
GREAT 44 45 46 42 40 36 36 37 36 32 44 41 43 
O/o 38,94 39,82 40,71 37,17 35,40 31,86 31,86 32,74 31,86 28,32 38,94 36,28 38,05 
SMALL 5 12 14 9 16 13 7 9 14 9 4 15 5 
% 4,42 10,62 12,39 7,96 14,16 11,50 6,19 7,96 12,39 7,96 3,54 13,27 4,42 
NOT AT ALL 1 3 3 3 1 2 1 3 2 3 2 1 
O/o 0,88 2,65 2,65 2,65 0,88 1,77 0,88 2,65 1,77 2,65 1,77 0,88 
NO RESPONSE 2 1 1 2 3 2 1 1 1 1 
% 1,77 0,88 0,88 1,77 2,65 1,77 0,88 0,88 0,88 0,88 
TOTAL 113 113 113 113 113 113 113 113 113 113 113 113 113 
% *99,99 *99,99 100 *99,99 *99,99 *99,99 *99,99 *99,99 *99,99 100 100 *99,99 *99,99 
*N.B.: "Rounding off' error 
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6.24: Teachers' responses per former department and for private schools for 
objective number 21 i.e. ability to carry out biological activities enthusiastically 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT SMALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
DET 10 5 1 16 
% 62,5 31,25 6,25 100 
HOD 17 11 28 
% 60,71 39,29 100 
HOR 2 2 4 
% 50 50 100 
KZ 26 16 2 1 1 46 
% 56,52 34,78 4,35 2,17 2,17 *99,99 
NED 6 5 1 12 
% 50 41,67 8,33 100 
PS 2 5 7 
% 28,57 71,43 100 
TOTAL 61 44 5 1 2 113 
% 53,98 38,94 4,42 0,88 1,77 *99,99 
*N.B.: "Rounding off' error 
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DET 
% 
HOD 
% 
HOR 
% 
KZ 
% 
NED 
% 
PS 
% 
TOTAL 
% 
Table 6.25: 
TO AVERY 
GREAT 
EXTENT 
9 
56,25 
14 
50 
1 
25 
19 
41,30 
8 
66,67 
1 
14,29 
52 
46,02 
Teachers' responses per former department and for private 
schools for objective number 22 i.e. ability to pursue work 
to its successful conclusion 
TOA TOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
5 1 1 16 
31,25 6,25 6,25 100 
12 2 28 
42,86 7,14 100 
2 1 4 
50 25 100 
20 5 1 1 46 
43,48 10,87 2,17 2,17 *99,99 
1 3 12 
8,33 25 100 
5 1 7 
71,43 14,29 *100,01 
45 12 3 1 113 
39,82 10,62 2,65 0,88 *99,99 
*N.B.: "Rounding off' error 
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DET 
% 
HOD 
% 
HOR 
% 
KZ 
% 
NED 
% 
PS 
% 
TOTAL 
% 
Table 6.26: 
TO AVERY 
GREAT 
EXTENT 
7 
43,75 
18 
64,29 
2 
50 
19 
41,30 
4 
33,33 
2 
28,57 
52 
46,02 
Teachers' responses per former department and for private 
schools for objective number 23 i.e. ability to represent all 
observations honestly and objectively 
TOA TOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
8 1 16 
50 6,25 100 
10 28 
35,71 100 
1 1 4 
25 25 100 
20 6 1 46 
43,48 13,04 2,17 *99,99 
5 3 12 
41,67 25 100 
2 3 7 
28,57 42,86 *99,99 
46 14 1 113 
40,71 12,39 0,88 100 
*N.B.: "Rounding off' error 
208 
DET 
% 
HOD 
% 
HOR 
% 
KZ 
% 
NED 
% 
PS 
% 
TOTAL 
% 
Table 6.27: 
TO AVERY 
GREAT 
EXTENT 
6 
37,5 
21 
75 
1 
25 
19 
41,30 
6 
50 
4 
57,14 
57 
50,44 
Teachers' responses per former department and for private 
schools for objective number 24 i.e. ability to exercise an 
open mind with a willingness to reverse judgements in the 
light of new evidence 
TOA TOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
8 1 1 16 
50 6,25 6,25 100 
7 28 
25 100 
2 1 4 
50 25 100 
18 6 2 1 46 
39,13 13,04 4,35 2,17 *99,99 
5 1 12 
41,67 8,33 100 
2 1 7 
28,57 14,29 100 
42 9 3 2 113 
37,17 7,96 2,65 1,77 *99,99 
*N.B.: "Rounding otr' error 
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DET 
% 
HOD 
% 
HOR 
% 
KZ 
% 
NED 
% 
PS 
% 
TOTAL 
% 
Table 6.28; 
TO AVERY 
GREAT 
EXTENT 
5 
31,25 
19 
67,86 
2 
50 
17 
36,96 
6 
50 
2 
28,57 
51 
45,13 
Teachers' responses per former department and for private 
schools for objective number 25 i.e. ability to suspend 
judgement until reliable evidence can be found 
TOA JOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
7 1 2 1 16 
43,75 6,25 12,5 6,25 100 
7 2 28 
25 7,14 100 
1 1 4 
25 25 100 
16 11 1 1 46 
34,78 23,91 2,17 2,17 *99,99 
5 1 12 
41,67 8,33 100 
4 1 7 
57,14 14,29 100 
40 16 3 3 113 
35,40 14,16 2,65 2,65 *99,99 
*N.B.: "Rounding off' error 
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DET 
% 
HOD 
% 
HOR 
% 
KZ 
% 
NED 
% 
PS 
% 
TOTAL 
% 
Table 6.29: 
TO AVERY 
GREAT 
EXTENT 
10 
62,5 
19 
67,86 
3 
75 
21 
45,65 
7 
58,33 
1 
14,29 
61 
53,98 
Teachers' responses per former department and for private 
schools for objective number 26 i.e. ability to show respect 
and tolerance for the point of view of others 
TOA TOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
5 1 16 
31,25 6,25 100 
7 2 28 
25 7,14 100 
1 4 
25 100 
19 4 1 1 46 
41,30 8,70 2,17 2,17 99,99 
2 3 12 
16,67 25 100 
3 2 1 7 
42,86 28,57 14,29 100 
36 13 1 2 113 
31,86 11,50 0,88 1,77 *99,99 
*N.B.: "Rounding off' error 
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DET 
% 
HOD 
% 
HOR 
% 
KZ 
% 
NED 
% 
PS 
% 
TOTAL 
% 
Table 6.30: 
TO AVERY 
GREAT 
EXTENT 
10 
62,5 
18 
64,29 
3 
75 
28 
60,87 
6 
50 
2 
28,57 
67 
59,29 
Teachers' responses per former department and for private 
schools for objective number 27 i.e. ability to work willingly 
in co-operation with others 
TOA TOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
4 1 1 16 
25 6,25 6,25 100 
8 1 1 28 
28,57 3,57 3,57 100 
1 4 
25 100 
13 4 1 46 
28,26 8,70 2,17 100 
5 1 12 
41,67 8,33 100 
5 7 
71,43 100 
36 7 2 1 113 
31,86 6,19 1,77 0,88 *99,99 
*N.B.: "Rounding off' error 
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DET 
% 
HOD 
% 
HOR 
% 
KZ 
% 
NED 
% 
PS 
% 
TOTAL 
% 
Table 6.31: 
TO AVERY 
GREAT 
EXTENT 
9 
56,25 
17 
60,71 
1 
25 
27 
58,70 
8 
66,67 
3 
42,86 
65 
57,52 
Teachers' responses per former department and for private 
schools for objective number 28 i.e. ability to show initiative, 
resourcefulness, creativity and imagination in the approach 
to solving problems 
TOA TOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
7 16 
43,75 100 
8 3 28 
28,57 10,71 *99,99 
2 1 4 
50 25 100 
15 2 1 1 46 
32,61 4,35 2,17 2,17 100 
3 1 12 
25 8,33 100 
2 2 7 
28,57 28,57 *99,99 
37 9 1 1 113 
32,74 7,96 0,88 0,88 *99,98 
*N.B.: "Rounding off' error 
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DET 
% 
HOD 
% 
HOR 
% 
KZ 
% 
NED 
% 
PS 
% 
TOTAL 
% 
Table 6.32: 
TO AVERY 
GREAT 
EXTENT 
8 
50 
19 
67,86 
2 
50 
23 
50 
6 
50 
1 
14,29 
59 
52,21 
Teachers' responses per former department and per private 
schools for objective number 29 i.e. ability to show respect 
and sensitivity in the handling of all forms of life 
TOA JOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
6 2 16 
37,5 12,5 100 
8 1 28 
28,57 3,57 100 
1 1 4 
25 25 100 
14 7 1 1 46 
30,43 15,22 2,17 2,17 *99,99 
3 3 12 
25 25 100 
4 1 1 7 
57,14 14,29 14,29 *100,01 
36 14 3 1 113 
31,86 12,39 2,65 0,88 *99,99 
*N.B.: "Rounding otr error 
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Table 6.33: 
TO AVERY 
GREAT 
EXTENT 
DET 10 
% 62,5 
HOD 20 
% 71,43 
HOR 1 
% 25 
KZ 29 
% 63,04 
NED 6 
% 50 
PS 4 
% 57,14 
TOTAL 70 
% 61,95 
Teachers' responses per former department and for private 
schools for objective number 30 i.e. ability to develop 
curiosity and an interest in, and an enjoyment of, living 
things 
TOA TOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
3 3 16 
18,75 18,75 100 
8 28 
28,57 100 
3 4 
75 100 
10 5 2 46 
21,74 10,87 4,35 100 
5 1 12 
41,67 8,33 100 
3 7 
42,86 100 
32 9 2 113 
28,32 7,96 1,77 100 
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DET 
% 
HOD 
% 
HOR 
% 
KZ 
% 
NED 
% 
PS 
% 
TOTAL 
% 
Table 6.34: 
TO AVERY 
GREAT 
EXTENT 
9 
56,25 
18 
64,29 
1 
25 
25 
54,35 
6 
50 
3 
42,86 
62 
54,87 
Teachers' responses per former department and for private 
schools for objective number 31 i.e. ability to exercise 
responsibility in the handling of chemicals, specimens and 
apparatus (i.e. uses materials sparingly, exercises 
necessary care and safety precautions, considers the safety 
of others, avoids damage to equipment) 
TOA TOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
7 16 
43,75 100 
8 1 1 28 
28,57 3,57 3,57 100 
3 4 
75 100 
17 2 2 46 
36,96 4,35 4,35 *100,01 
6 12 
50 100 
3 1 7 
42,86 14,29 *99,99 
44 4 3 113 
38,94 3,54 2,65 100 
*N.B.: "Rounding off' error 
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Table 6.35: 
TO AVERY 
GREAT 
EXTENT 
9 
56,25 
10 
35,71 
1 
25 
28 
60,87 
4 
33,33 
2 
28,57 
54 
47,79 
Teachers' responses per former department and for private 
schools for objective number 32 i.e. ability to keep work 
place neat and tidy 
TOA TOA NOT AT NO TOTAL 
GREAT SMALL ALL RESPONSE 
EXTENT EXTENT 
5 2 16 
31,25 12,5 100 
14 3 1 28 
50 10,71 3,57 *99,99 
1 2 4 
25 50 100 
12 5 1 46 
26,09 10,87 2,17 100 
7 1 12 
58,33 8,33 *99,99 
2 2 1 7 
28,57 28,57 14,29 100 
41 15 2 1 113 
36,28 13,27 1,77 0,88 *99,99 
*N.B.: "Rounding off' error 
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Table 6.36: Teachers' responses per former department and for private 
schools for objective number 33 that is, ability to show appreciation 
for the importance of investigatory work in biology 
TO AVERY TOA TOA NOT AT NO TOTAL 
GREAT GREAT §MALL ALL RESPONSE 
EXTENT EXTENT EXTENT 
9 6 1 16 
56,25 37,5 6,25 100 
16 11 1 28 
57,14 39,29 3,57 100 
2 2 4 
50 50 100 
27 17 1 1 46 
58,7 36,96 2,17 2,17 100 
6 5 1 12 
50 41,67 8,33 100 
4 2 1 7 
57,14 28,57 14,29 100 
64 43 5 1 113 
56,64 38,05 4,42 0,88 *99,99 
*N.B.: "Rounding off' error 
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The following conclusions can be made from tables 6.23 to 6.36: 
(a) A very large majority of teachers in KwaZulu-Natal felt that all 13 objectives 
concerned with attitudes and values could be achieved "to at least a great 
extent" by investigative project work. The percentages for the category "to 
at least a great extent" is shown alongside each objective on the next page: 
OBJECTIVE TO A VERY GREAT TOA GREAT TOTAL 
NUMBER EXTENT EXTENT 
33 56,64 38,05 94,69 
31 54,87 38,94 93,81 
21 53,98 38,94 92,92 
27 59,29 31,86 91,15 
30 61,95 28,32 90,27 
28 57,52 32,74 90,26 
24 50,44 37,17 87,61 
23 46,02 40,71 86,73 
26 53,98 31,86 85,84 
22 46,02 39,82 85,84 
32 47,79 36,28 84,07 
29 52,21 31,86 84,07 
25 45,13 35,40 80,53 
From the above it can be seen that this very large majority ranged from 80,53% 
for objective number 25 (ability to suspend judgement until reliable evidence 
can be found) to 94,69% for objective number 33 (ability to show appreciation 
for the importance of investigatory work in biology). In other words, 80,53% felt 
that all 13 objectives could be achieved "to at least a great extent". The 
following reasons probably indicate why a very large majority of teachers felt 
that all 13 objectives could be achieved "to at least a great extent". 
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(i) Investigative project work as outlined in Chapter 4 is a practical unit of 
activity involving investigations and solutions to problems. In this 
activity pupils propose a problem for themselves and plan a logical, 
hopefully imaginative course of action or series of solutions. Such 
actions therefore could tiave implied the achievement of objectives 33 
(ability to show appreciation for the importance of investigatory work in 
biology), 21 (ability to carry out biological activities enthusiastically), 28 
(ability to show initiative, resourcefulness, creativity and imagination in 
the approach to problem solving), 24 (ability to exercise an open mind 
with a willingness to reverse judgements in the light of new evidence), 
23 (ability to represent all observations honestly and objectively), 22 
(ability to persist and pursue work to its successful conclusion), 32 
(ability to keep work place neat and tidy) and 25 (ability to suspend 
judgement until reliable evidence can be found). 
(ii) It frequently involves the use of physical materials and living forms of 
life (Williams, 1984:2). Objectives 31 (ability to exercise 
responsibility in the handling of chemicals, specimens and apparatus), 
30 (ability to develop curiosity and an interest in, and enjoyment of, 
living things) and 29 (ability to show respect and sensitivity in the 
handling of all forms of life) could therefore be achieved. 
(iii) It can provide the chance for pupils to work together as a team, with 
each member contributing according to ability and where collaboration 
can mean the difference between success and failure. Under pressure 
in a group pupils can achieve things they never imagined possible 
(Williams, 1984:9). Objectives number 21 (ability to carry out biological 
activities enthusiastically), 27 (ability to work willingly in co-operation 
with others), 28 (ability to show initiative, resourcefulness, creativity and 
imagination in the approach to solving problems), 26 (ability to show 
respect and tolerance for the point of view of others) and 25 (ability to 
persist and pursue work to its successful conclusion) could therefore be 
achieved. 
(b) The rank order of the 13 objectives varied for the 5 former departments and 
private schools as indicated on the next page. 
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FORMER 
DEPART.IP RANK ORDER OF OBJECTIVES 21 TO 33 
RIVA TE FOR "AT LEAST A GREAT EXTENT" 
SCHOOL 
30; 
DET 31,28; 21,23, 22,24,27 ,29,32; 81,25% 25 
100%; 26,33; 87,50%; 75% 
93,75% 
HOD 21,23, 29,33; 22,25,26,27,31; 28; 32 
24,30; 96,43% 92,86%. 89,28%; 85;71% 
100% 
HOR 27,30,31,33; 22,23, 21,32 
100% 24,25, 50% 
26,28,29; 
75% 
KZ 33; 28,31; 21; 27; 32; 26; 22,23, 24,29; 25 
95,66% 91,31% 91,30% 89,13% 86,96% 86,95% 30; 80,43% 71,74% 84,78% 
NED 31; 21,24,25,27,2 2 
100% 8,30,33; 2,23,24,25, 32: 22,23,26,29 
91,67% 26,28,29; 91,66% 75% 
PS 21,27, 22;31 75% 24,25,33; 28,29; 28,29*; 26, 23,32 
30; 85,72% 85,71% 71,43% 71,42% 57,15% 57,14% 
100% *21,28,31; 
91,31% 
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From this rank order the following is clear: 
(i) Objective number 21 (ability to carry out biological activities 
enthusiastically) showed a significant drop in the percentage of "to 
-
at least a great extent" responses from former HOR teachers 
(50%) when compared to the responses of the other 5 groups of 
teachers (DET, 93,75%; HOD, 100%; KZ, 91,31 %; NED, 91,67%; 
PS, 100%). This is probably because former HOR teachers felt 
that not all pupils take to investigative projects equally well. Some 
(not necessarily the most succesful in learning) accept the task at 
once and need little guidance beyond periodic encouragement. 
Others need some help in coping with unforeseen problems and 
maintaining motivation. Others again have considerable difficulties 
and may never come to terms with their project (Dowdeswell and 
Harris, 1979:213). 
(ii) Objectives number 23 (ability to represent all observations 
honestly and objectively), and 26 (ability to show respect and 
tolerance for the point of view of others) showed a significant drop 
in the percentage of "to at least a great extent" responses from PS 
teachers (57, 14%) when compared to the responses of the other 
5 groups of teachers i.e. DET, 93, 75% (23 and 26); HOD, 100% 
(23), 92,86% (26); HOR, 75% (23 and 26); KZ, 86,96%(26), 
84,78%(23); NED, 75% (23 and 26). Two possible explanations 
may be afforded for this. 
Firstly, an investigative project is not like the verification type of 
practical work. In a project there may in fact be no single correct 
answer or solution, there may be multiple possibilities, or the 
project may end up pointing in the wrong direction (Williams, 
1984: 180-181 ). Pupils may find this difficult to accept especially 
if they are accustomed to attain an absolute right or wrong answer 
characteristic of the verification type of practical work. Failure to 
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achieve the correct answer may in the pupils' minds mean a low 
assessment especially if they consider the teacher orthodox. 
Under such circumstances pupils may just "please" the teacher 
and display dishonestly and subjectivity when recording their 
observations. It therefore may be such instances that might have 
prompted some teachers especially from private schools to feel 
that objective number 23 could be achieved "to a small extent" 
and/or "not at all" by investigative project work. 
Secondly, investigative project work can involve an individual or a 
small group of pupils (Williams, 1984:9). In the former case it 
would be difficult to attain objective number 26 (ability to show 
respect and tolerance for the point of view of others).The fact that 
former HOD, HOR, KZ and NED teachers ranked these 2 
objectives i.e. objectives 23 and 26 low in "their" rank order re-
affirms the feeling/s of the PS teachers. 
(iii) Objective 29 (ability to show respect and sensitivity in the handling 
of all forms of life drew the largest percentage of responses from 
former HOD teachers (96,43%) when compared with the other 5 
groups of teachers (DET, 87,5%; HOR, 75%; KZ, 80,43%; NED, 
75% and PS, 71,43%) Teachers probably felt that "telling and 
teaching" have ''fleeting" effects but finding out - knowing how and 
why is memorable when pupils do it for themselves. Williams, 
(1984:9) states that the cost of keeping a pet and the responsibility 
of having one is memorable. This probably re-affirms teachers' 
feelings that investigative projects frequently involve different forms 
of life. Investigative projects could therefore provide an opportune 
situation to inculcate the ideas of respect and sensitivity in the 
handling of all forms of life. 
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(iv) More than 75% of the teachers from PS and the former 
departments of NED and HOD indicated that objective number 25 
(ability to suspend judgement until reliable evidence can be found) 
could be achieved "to at least a great extent" by investigative 
project work. Perhaps these teachers felt that it is the process 
which counts rather than the product. In other words, in terms of 
learning for life, it is skills and values that are important. The 
chance to develop skills and values - how to organize, to plan, to 
decide on the basis of fact, to correct information, to evaluate it, to 
accept failure and the fact that failure is often relative and to 
develop self-confidence are seen as important objectives which 
investigative project work could achieve (Williams, 1984:8-9). The 
feeling of these teachers towards objective 25 is reinforced by their 
feelings toward objective number 24 (ability to exercise an open 
mind with a willingness to reverse judgement in the light of new 
evidence). This objective also drew responses of high 
percentages from teachers of PS and the former departments of 
NED and HOD. It is also probable that these teachers felt in this 
way because investigative project work can help pupils to exploit 
and develop their own strength while becoming aware of their 
limitations. According to Dowdeswell and Harris (1979:214) these 
pupils will be better equipped to face the challenge of life later on. 
(v) A small minority of teachers especially from the former department 
of HOR and PS felt that objective number 28 (ability to show 
initiative, resourcefulness, creativity and imagination in the 
approach to solving problems) could be achieved "to a small 
extent" and/or "not at all". 
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There are four probable reasons for this.Firstly inadequate background 
knowledge, lack of imagination in overcoming obstacles and poor 
motivation (Dowdeswell and Harris, 1979:213). Secondly, head-on 
clash of personalities between teacher and pupil (Dowdeswell and 
Harris, 1979:212; Williams, 1984: 182).Thirdly, the lack of available· 
resources (Dowdeswell and Harris, 1979:215; Williams, 1984: 179; 
Hussain, 1989:144 and Van Aswegen et al. 1993:82) and fourthly, the 
cost of resource materials (Dowdeswell and Harris, 1979:215-216; 
Williams, 1984:179-180 and 182, Hussain, 1989:145). 
To sum up then, it can be said that although teachers from the former 
departments and from private schools responded differently to the placing of the 
13 objectives concerned with attitudes and values in "their" rank order, a large 
majority of them (80,53%) still feel that investigative project work could achieve 
all 13 objectives "to at least a great extent". 
6.4 TEACHERS' RESPONSES TO THE 33 OBJECTIVES OF BIOLOGY 
TEACHING 
Analyses of the teachers' responses as a single unit to each of the 3 global 
aims are presented in tables 6.1, 6.6 and 6.23. From these tables, the 
teachers' responses as a single unit for the entire range of objectives have been 
ranked as indicated on the next page. The 33 objectives have been ranked 
from the highest percentage of responses to the lowest percentage of 
responses for the option "to at least a great extent". The aim from which each 
objective was derived is indicated before each objective number. 
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RANK AIM NUMBER OF PERCENTAGE 
ORDER OBJECTIVE 
01 Attitude 33 94,69 
02 Attitude 31 93,81 
03 Attitude 21 -
.. 
92,92 
04 Attitude 27 91, 15 
05 Attitude 30 90,27 
06 Inquiry 09 90,27 
07 Inquiry 10 90,26 
08 Attitude 28 90,26 
09 Inquiry 06 89,38 
10 Inquiry 19 89,38 
11 Inquiry 05 88,50 
12 Product 02 87,61 
13 Inquiry 12 87,61 
14 Attitude 24 87,61 
15 Attitude 23 86,73 
16 Inquiry 07 85,84 
17 Inquiry 08 85,84 
18 Attitude 22 85,84 
19 Attitude 26 85,84 
20 Product 01 84,96 
21 Inquiry 11 84,95 
22 Attitude 32 84,07 
23 Attitude 29 84,07 
24 Inquiry 15 82,30 
25 Attitude 25 80,53 
::s Inquiry 16 78,76 
27 Inquiry 13 77,87 
28 Product 04 77,88 
29 Product 03 76,99 
30 Inquiry 17 74,34 
31 Inquiry 20 70,79 
32 Inquiry 18 68,14 
33 Inquiry 14 68,14 
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From this rank order the following conclusions can be made: 
(a) 68, 14% of all the teachers in KwaZulu Natal felt that the entire range of 
objectives of biology teaching could be achieved "to at least a great 
extent" by investigative project work. In other words it can be said that 
this teaching strategy permits the learning of content, the development 
of inquiry skills and the development and inculcation of attitudes and 
values of biology and toward biology. It is therefore clear that 
investigative projects is not looked upon primarily for the purpose of the 
acquisition of specialized factual knowledge, but rather as a means of 
generating and inculcating certain attitudes and values and of acquiring 
and practising new inquiry skills. This finding closely matches 
declarations made by other researchers (Hewton, 1975:21; Gadd and 
Smith, 1977:62; Dowdeswell and Harris, 1979:232; Isaac, 1990: ; 
Tamir, 1990:41 ). 
(b) Investigative project work, in the opinion of the teachers, could be most 
effective for the attainment of some of the objectives concerned with the 
aim, the development and inculcation of attitudes and values. In rank 
order it most effectively develops the following objectives: 
33 
31 
21 
27 
30 
ability to show appreciation for the importance of 
investigatory work in biology - 94,69% response. 
ability to exercise responsibility in the handling of 
chemicals, specimens. and apparatus (i.e. uses 
materials sparingly, exercises necessary care and 
safety precautions, considers the safety of others, 
avoids damage to equipment) - 93,81 % response. 
ability to carry out biological activities enthusiastically 
- 92, 92% response. 
ability to work willingly in co-operation with others -
91, 15% response. 
ability to develop curiosity and an interest in, and an 
enjoyment of, living things - 90,27 response. 
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It is significant to note that the first five objectives in the rank order 
are all "attitudes" which according to Van Aswegan et al. (1993:42) 
"might prove to be the most important subject curriculum goal". This 
statement therefore implies that acquiring attitudes which underlie 
biology as a science !flay eventually be a more important aim for 
biology teaching than the actual products and processes of biology. 
If this is so, then according to the responses of the teachers it can be 
said that investigative project work could undoubtedly help to teach 
such attitudinal skills. 
(c) A large majority of teachers felt that investigative projects attempted by 
pupils ought to involve the following: 
(i) Relationships between form and function, between organisms and 
their environment, amongst organisms and between process 
(objective 2 - 87,61% response) rather than recall (objective 1 -
84,96% response). 
(ii) A qualitative study involving simple computational skills that would 
enable project work to be done by all pupils rather than restricting it 
to a select a few. The percentage responses for objective 13 and 14 
were 77,87% and 68, 14% respectively. 
(iii) An in-depth study of a specific aspect of a topic rather than a theme 
which implies "broad syllabus coverage". Objective 4 (ability to 
explain major themes of biology such as evolution, the continuity of 
life, homeostasis and energy flow) hence received a lower 
percentage response (77,88%) then objectives 2 (relationships -
87,61 %) and/or objective 1 (recall - 84,96%). This impacts on 
decisions concerning the length of th "new" syllabii. 
(iv) According to literature survey in Chapter 4, the objectives listed 
below were seen as being important legitimate aims of investigative 
project work. 
11 ability to obtain information from reliable sources 
such as texts and journals. 
15 ability to generalize, summarise, draw conclusions, 
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16 
17 
20 
18 
make deductions, form inferences, evaluate non-
numerical and non-graphical information and make 
decisions based on it. 
ability to generalize, summarise, draw conclusions, 
make deductions, form inferences, evaluate 
numerical and graphical information and make 
decisions based on it. 
ability to determine limitations in the design of 
experiments/investigations and in the information 
presented (e.g. due to lack of proper controls, faulty 
reasoning, confusion between assumptions and 
facts and between opinion and valid conclusions). 
ability to distinguish the process of scientific inquiry 
from magic, superstition and witchcraft. 
ability to demand evidence in support of claims. 
However, teachers in this research study "under played" the 
potential of investigative project work in achieving these objectives. 
Since these objectives were regarded as important legitimate aims 
of project work they were expected to draw a much larger 
percentage of responses than the ones obtained. These 
objectives together with their rank place and percentage responses 
they drew are indicated below. 
OBJECTIVE NUMBER RANK PLACING IN RANK % RESPONSE 
11 
15 
16 
17 
20 
18 
ORDER 
21 84,95 . 
24 82,30 
26 78,76 
30 74,34 
31 70,79 
32 68,14 
The "underplaying" of such important objectives that could be achieved 
by investigative project to a greater extent than obtained in this research 
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study has undoubtedly serious implications for in-service courses. 
6.5 TEACHERS' RESPONSES ABOUT FACTORS THAT COULD ADVERSELY 
AFFECT ATIEMPTS AT USING INVESTIGATIVE PROJECT WORK AS A 
TEACHING STRATEGY IN BlOLOGY 
Ten factors were listed in the teacher-questionnaire (see appendix 83). These 
factors were the following: 
1. Additional "demands" on teacher. 
2. Lack of laboratory facilities and equipment. 
3. Large classes. 
4. Mixed ability classes. 
5. Slow syllabus coverage. 
6. Inflexible syllabus. 
7. The need to produce good examination results. 
8. High cost of project. 
9. Inadequate resource material. 
10. Inability of pupils to stay in after school hours because they travel long 
distances. 
The teachers were requested to tick one of the following responses: 
To a great extent 
To a small extent 
Not at all 
For all the factors listed except number 6, one or two teachers of all the teachers 
did not respond to the above listed responses. Therefore when the analysis was 
done, a column indicating "no response"-was included. Table 6.37 and Figure 6.2 
represent the analysis of all the teachers' responses concerning the extent to 
which the listed factors could adversely affect attempts at using investigative 
project work as a teaching strategy in biology. 
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Table 6.37: Teachers' responses to the list of factors that could adversely affect investigative project work. 
EXTENT TO WHICH THE FACTORS 
AFFECTS INVESTIGATIVE PROJECT WORK 
To a great To a small Not at all No Total 
extent extent response 
1. additional "demands" on 69 39 4 1 *99,99% 
teacher (61,06%) (34,51%) (3,54%) (0,88%) 
2. lack of laboratory facilities and 81 28 3 1 *99,99% 
equipment (71,68%) 24,78%) (2,65%) (0,88%) 
3. large classes 90 20 1 2 100% 
(79,65%) (17,70%) (0,88%) (1,77%) 
4. mixed ability classes 61 43 8 1 *99,99% 
(53,98%) (38,05%) (7,08%) (0,88%) 
5. slow syllabus coverage 63 41 7 2 *99,99% 
(55,75%) (36,28%) (6,19%) (1,77%) 
6. inflexible syllabus 62 40 11 - 100% 
54,87%) 35,40%) (9,73%) 
7. the need to produce good 73 24 15 1 *99,99% 
examination results (64,60%) 21,24%) (13,27%) (0,88%) 
8. high cost of project 60 43 8 2 100% 
(53,10%) (38,05%) (7,08%) (1,77%) 
9. inadequate resource material 78 32 2 1 100% 
(69,03%) (28,32%) (1,77%) (0,88%) 
10. inability of pupils to stay in after 79 26 6 2 100% 
school hours because they (69,91%) (23,01%) (5,31%) (1,77%) 
travel lonQ distances 
*N.B.: "Rounding off' error 
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Conclusions that can be made from table 6.37 and figure 6.2 are as follows: 
(a) The majority of all the teachers felt that all 10 listed factors could 
adversely affect attempts of using investigative project work as a teaching 
strategy in biology "to a great extent". This large majority ranged from 
53, 10% for factor number 8(high cost) to 79,65% for factor number 3 
(large classes). In other words, 53, 10% of all the teachers felt that these 
1 O factors could affect attempts of using investigative project work as a 
teaching strategy. This has obvious implications for the "newf'future" 
biology syllabii. These 1 O factors plus other factors which some teachers 
added to the list will therefore have to taken into consideration if the aims 
and objectives of biology teaching are to be achieved by investigative 
project work. The additional factors that some teachers added were ... 
(i) duration of lessons (35 minutes). 
(ii) inability of pupils to stay in after school because of extra-mural 
activities e.g. sports. 
(iii) assessment of project work. 
(iv) teacher competency to teach biology using the investigative project 
strategy. 
(v) pupils' proficiency in english. 
(vi) attitude of teachers toward investigative project work. 
(vii) attitude of pupils toward investigative project work. 
The teachers who added these factors felt that they (i.e. the factors) could 
affect the implementation of investigative project work to a great extent. 
(b) The factor that drew the largest percentage of "to a great extent" was 
factor number 3 (large classes). This response was not suprising. The 
2 following reasons probably indicate why the majority of the teachers 
(79,65%) felt that large classes would adversely affect attempts of using 
investigative project work as a teaching strategy: 
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investigative project work as a teaching strategy: 
(i) Pupil-teacher ratios 
.. 
The FRO report ( 1993: 14) states that the pupil-teacher ratio is 
used to indicate whether or not teaching has the potential to be 
effective. A small class obviously has a greater chance of 
receiving effective teaching than a large class. However, it must 
be borne in mind that while the above is implied it cannot be 
regarded as automatically successful. The onus is on the teacher 
to make effective use of this ideal situation (small classes). 
The "actual sample" from which questionnaires were completed 
and returned is shown in table 5.7. From this table it can be clearly 
seen that the bulk of the questionnaires were completed and 
returned from teachers employed at former Indian, African and 
Coloured schools. Just one former OET school had predominantly 
White pupils and White teachers. In other words it can be said that 
93 out of the 133 questionnaires (82, 30%) completed and returned 
were from schools that were mainly populated by Indian, African 
and Coloured pupils. According to the FRO report (1993:14) the 
pupil-teacher ratio for the various population groups indicated that 
teachers at White schools taught smaller classes than teachers at 
Coloured, Indian and African schools. This may be skewed in the 
cases of rural schools which may have small numbers. By 1990, 
there was one teacher for every 15. 7 White pupils and one for 
every 39.9 African pupils. In the light of this, it is implied that the 
bulk of the teachers who completed and returned the 
questionnaires are teaching large classes. Discussions with 
superintendents of biology of all 5 former departments in KwaZulu-
Natal on 27 September 1995 at an in-service course held at Port 
Shepstone High School reinforced the statements in the FRO 
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report. Thus in KwaZulu-Natal there is a vast gap with respect to 
pupil-teacher ratio between the White school on one hand and the 
African, Indian and Coloured school on the other hand. This 
obviously has serious implications for investigative project work as 
a teaching strategy. The setting up and management of project 
work is no easy task. Teachers are expected to assume varying 
degrees of involvement, even to the extent of directing the project 
for the pupil which largely defeats the whole purpose of project 
work (Dowdeswell and Harris, 1979:213). Hence guiding all pupils 
requires great patience and a considerable amount of time. Thus 
the load can become particularly heavy for teachers if they are to 
carry out their duties conscientiously (Dowdeswell and Harris, 
1979:215). 
(ii) Assessment of projects 
According to Dowdeswell and Harris (1979:216) there are 2 basic 
reasons for assessment: to provide feedback to pupils keeping 
them informed of their progress and to discriminate between the 
performance of different pupils when awarding marks. The 
provision of positive feedback to pupils is a requirement for all 
teaching strategies but this is sometimes omitted in project work to 
enable the teacher to award marks for the pupils' efforts rather 
than that of the teacher's. Should teachers opt to provide feedback 
then it is obvious that teachers with large classes would have 
difficulty in finding time to deal individually with all the pupils' 
queries (Gadd and Smith, 1977:63). Since a project is not like a 
standardised test, the burden of marking will be enormously heavy 
for the teacher especially if he/she has large classes. 
Assessment of projects is made even more problematic when one 
considers the fact that it is not just content of a project which is 
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important, but also the achievement of skills and attitudes and 
values. Measuring behavioural characteristics, involvement, 
originality of thought, independence, ability to co-operate and so 
on may therefore require a teacher to carry out assessment on a 
continuous basis during the period when the project is being done. 
This undoubtedly means extra work for the teacher involving many 
more hours of his/her time. Extra work involving many hours may 
entail making detailed assessment schemes. Different 
assessment schemes may be required since each pupil or each 
group of pupils is likely to be doing a different project. Pupils 
attempting different projects and the fact that there is no one 
assesment scheme undoubtedly makes a teacher's task extremely 
difficult when he/she is expected to make comparable assessment 
(Williams, 1984: 180). 
Assessment of different projects, checking for originality, and 
providing positive feedback can therefore make project work an 
almost impossible task especially if the teacher has large classes 
(Gadd and Smith, 1977:62). 
Analysis of all the teachers' responses in this research study 
concerning project work and the achievement of objectives of 
biology teaching indicate clearly that they have positive feelings 
toward project work. However, in the opinion of the majority of all 
the teachers (79,65%) large classes are seen as being a major 
obstacle for the implementation of investigative project work. For 
the future, the Department of National Education envisages a 
pupil-teacher ratio of 32:1 in the high schools (FRO, 1993:14). 
This obviously requires huge effort and vast sums of money and 
therefore is a long term goal. While all efforts must be encouraged 
in this regard it is absolutely imperative to note that large classes 
are not to be seen as a feature that would automatically 
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"disappear'' in the democratic South Africa. Therefore, despite the 
obstacles facing the implementation of project work there is a great 
need for teachers to develop strategies that will enable them to put 
into practice '~heir feeliings of investigative project work". This will 
most certainly enable pupils to develop fully their own strengths. 
(c) The following factors received the second, third, fourth and fifth highest 
percentage of "to a great extent" responses. 
YEAR 
1989-90 
1990-91 
1991-92 
2. Lack of laboratory facilities and equipment (71,68%). 
10. Inability of pupils to stay in after school because they travel long 
distances (69, 91 % ). 
9. Inadequate resource material (69,03%). 
7. The need to produce good examination results (64,60%). 
With regard to factors 2 (lack of laboratory facilities and equipment) and 
9 (inadequate resource material) it can be said that the majority of 
teachers felt this way probably because of the effects of the 
disproportionate allocation of funds for education on the basis of race, by 
the previous government of South Africa. The per capita expenditure on 
education for the different racial groups for the years 1989-1992 is shown 
below (Magi, 1993:33). 
AFRICAN COLOURED INDIAN WHITE 
a b a b a b 
R 930,00 25% 1983,00 53% 2659,00 71% 3739,00 
1194,00 29% NIA 3109,00 70% 4103,00 
1248,00 28% 2701,00 61% N/A 4448,00 
N.B. 
N/A = not available 
a = Expenditure 
b = Proportion of White expenditure 
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This disparity according to Magi (1993:32) can be seen in the well-
resourced former White schools when compared to the poorly resourced 
former African schools. Magi's statement is reinforced by the FRO 
(1993: 15) i.e. the general findings of the survey on magnet schools in 
South Africa indicated that even in the top former African schools there 
was a general shortage of laboratory facilities and equipment. With 
regard to former Coloured and Indian schools, the FRO report (1993:8) 
states that most former Coloured and Indian schools also face the 
problem of not having adequate laboratories or staff to use them properly. 
Thus in the opinion of the majority of teachers the availability of 
laboratories and of resources can exert a powerful influence on the 
success of investigative project work. 
Perhaps the majority of the teachers responded "to a great extent" for 
factor 7 (need to produce good examination results) because of various 
reasons. Three of the more important ones are described below. 
(i) Moral obligation of teachers 
Many teachers in Isaac's research felt that they have a moral 
obligation to pupils in assisting them to obtain the highest percentage 
(Isaac, 1990:316). 
(ii) Pressure from parents, colleagues, senior administrative staff at 
schools and superintendent of education. 
The above persons, in the opinion of teachers (Isaac, 1990:319-320) 
exert tremendous pressure to "produce good results". 
(iii) Nature of questions in the biology examination papers 
The Joint Matriculation Board requests examiners to allocate 60% of 
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the marks for questions based on recall and 40% for higher skills 
such as comprehension, application, analysis and evaluation (Joint 
Matriculation Board Core Syllabuses for Standards 8, 9 and 10 
Biology syllabus, 1984:ii). Furthermore, S MOiier (1995) 
(Superintendent of biology of the former NED department) at an in-
service course held on 27 September at Port Shepstone High School 
indicated that past biology matriculation papers set by the various 
former examining bodies for KwaZulu-Natal did not strictly adhere to 
the 60:40% request made by the Joint Matriculation Board. In fact 
analysis of the question papers revealed that a percentage well below 
40% was allocated to questions based on higher skills in the 
examinations. In the light of this, the majority of teachers in this 
research study may have felt that the need to produce good 
examination results could adversely affect the use of investigative 
projects as a teaching strategy. 
(d) In contrast to the opinion of the majority of all the teachers, some teachers 
felt that these 1 O factors could affect investigative project work "to a small 
extent" and "not at all" as shown on the next page: 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
EXTENT TO WHICH THE FACTORS 
AFFECTS INVESTIGATIVE PROJECT 
WORK 
To a small extent Not at TOTAL 
all 
additional "demands" on teacher 34,51 3,54 38,05 
lack of laboratory facilities and equipment 24,78 2,65 27,43 
large classes 17,70 0,88 18,58 
mixed ability classes 38,05 7,08 45,13 
slow syllabus coverage 36,28 6,19 42,47 
inflexible syllabus 35,40 9,73 45,13 
the need to produce good examination 21,24 13,27 34,51 
results 
high cost of project 38,05 7,08 45,13 
inadequate resource material 28,32 1,77 30,09 
inability of pupils to stay in after school 23,01 5,31 28,32 
hours because thev travel lonQ distances 
This minority of all the teachers ranged from 18,58% for factor number 3 
(large classes) to 45,13% for factors number 4, 6 and 8 (mixed ability 
classes, inflexible syllabus, high cost of projects respectively). This 
percentage range (below 50%) re-affirms the majority of the teachers' 
feelings about the 10 listed factors i.e. all 1 O factors could adversely affect 
attempts of using investigative project work as a teaching strategy "to a great 
exten't''. 
This analysis besides re-affirming the viewpoint of the majority of teachers, 
may in the researcher's opinion provide encouragement and stimulate 
motivation to overcome difficulties related with investigative project work. 
This initiative undoubtedly can have tremendous impact for improving the 
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quality of life of the pupils in the years ahead. This optimitism stems from the 
number/percentage of responses that were received for the options "to a 
small extent" or "not at all". Analysis of the employers of these teachers who 
responded to the above options revealed that all of them were not teaching 
at "advantaged" schools. From the data presented in Magis' research 
(1993:32-33) it is assumed that just 20 schools (17,70%) that co-operated in 
this research study can be classified as "advantaged" schools (12 NED, 1 
DET and ?PS schools). Since all 10 listed factors received responses of over 
17, 70% for the options "to a small extent" or "not at all", it is clear that all 
these teachers were not teaching at "advantaged" schools. Perhaps the 
teachers from "disadvantaged' schools envisioned plans or implemented 
strategies that could overcome some of the difficulties related to investigative 
project work e.g. use of improvised apparatus, engaging the services of 
educational support group such as Umgeni Valley Project. This finding has 
serious implications for the implementation of project work as a teaching 
strategy. 
6.6 TEACHERS' RESPONSES CONCERNING INVESTIGATIVE PROJECT WORK 
AND ITS TARGET GROUP OF PUPILS 
Teachers were requested to indicate their feelings about the group of pupils who 
would derive the most benefit from investigative project work. They were asked 
to tick one of the following responses: 
• For those pupils who are going to study in science related fields at tertiary 
institutions e.g. medicine, science teaching, engineering. 
• For those pupils who are going to study in fields other than science at 
tertiary institutions e.g. law, commerce. 
• For those pupils who are not going to study at tertiary institutions. 
Table 6.38 indicates the teachers' responses to the question "For whom is 
investigative project work most important?". 
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Table 6.38: Teachers' responses with regard to the target group for whom 
investigative project work is most important 
TARGET GROUP TOTAL 
.. 
1 2 3 
Number 93 6 4 103 
% 82,30 5,31 3,54 91,15 
Two teachers (1,77%) indicated that all 3 responses could apply to the question. 
Eight teachers (7,08%) did not respond at all. The response of the large majority 
of all the teachers (82,30%) that investigative project work is most important for 
those pupils who are going to study in science related fields at tertiary institutions 
is not surprising. Perhaps the teachers felt that an accumulation of scientific 
knowledge is essential to serve as a broad base for pupils to build on during 
tertiary studies in science. 
Isaac's research (1990:228) also found that a large majority of teachers (64,21 %) 
regarded every objective as being "very important" for pupils who wanted to 
become science professionals. Furthermore, overseas literature (Stazinski, 
1988: 171) concerning biological competitions and Biological Olympiads states 
that these competitions "have an important influence on the development of a 
permanent interest in biology, and on students' fur:ther school achievements in 
this subject". For this competition pupils were expected to have a very good 
knowledge of biology and also to undertake biological experiments in a school 
garden or in a biological school laboratory (Stazinski, 1988: 171 ). 
Silos in 1975 (Stazinski, 1988:175-176) analysed the careers of 90 student 
laureates of biological district competitions. These 90 students participated in the 
competition when they were 15 years old. Biles (Stazinski, 1988:176) found 
that two or three years after the end of the competition, 87% of the laureates in 
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the research study were still highly interested in biology. Only 10% had changed 
the subjects of their interest. This research of Silos indicated that a very large 
majority of the laureates of biological competitions were still interested in biology. 
In addition to this most of the laureates (68%) achieved good results in biology 
while only 3% obtained poor marks. As many as 55 of these pupils (69%) also 
wanted to undertake further biological or medical studies (Stazinski, 1988: 176). 
Very similar findings were concluded by Zdebska-Sieroslawska in 1981 
( Stazinski, 1988: 176). She found in her research study that most of the 95 
students investigated by her, who were former participants in Olympiads, 
obtained very good to good examination marks; about 40% (.e. 36 of them) 
made important scientific contributions ( Stazinski, 1988: 176). 
In another study in 1983 the achievements of 262 former Olympians were 
analysed by Sokolska. This analysis, like that of Silos (1975) and Zdebska-
Sieroslawska (1981) indicated that pupils who participated in biological 
competitions which involved open-ended practical work which could be equated 
to investigative project work proved to be the best of all the students in their 
tertiary classes ( Stazinski, 1988: 176). 
Perhaps achievements, such as the ones described in Stazinski's paper, which 
teachers of KwaZulu-Natal probably got from informal discussions with "their past 
pupils" prompted them to respond in the manner as they did. Although no firm 
generalization can be made for the South African set up from the analysis of this 
question, it does seem to highlight the use of investigative project work in the 
teaching of biology, especially for pupils who want to become science 
professionals. 
While the responses in this research study seems to be for investigative project 
work for pupils who want to become science professionals, it also causes great 
concern. This concern arises from the fact that only about 1 % of the pupils 
studying at secondary schools take up science-related careers. At least 75% of 
them do not go on to tertiary education and about 14% qualify in commerce and 
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non-scientific areas (Watson, 1990:50). The following pertinent question to be 
asked then is "Should teachers use a teaching strategy that demands so much 
of their time and also that of the pupils' when such a strategy in the opinion of 
the teachers of KwaZulu-Natal caters for less than 1 % of the pupils who will take 
up careers in science fields?" Perhaps the difficulty of answering this question 
could be overcome to some extent if in-service courses make teachers, parents, 
members of the committee and most important of all the pupils cognisant of the 
fact that investigative projects are do it yourself learning programmes that should 
be part of every pupil's learning experience (Gray, 1992: 1 ). Literature e.g. Gray 
1992, Dowdeswell and Harris (1977), Williams (1984) also express the opinion 
of the large majority of all the teachers in KwaZulu-Natal. They clearly indicate 
that investigative project work should not be looked upon primarily as a road to 
the acquisition of specialized factual knowledge for the benefit of a very small 
percentage of pupils who want to become science professionals but rather as a 
means of generating certain attitudes and practising new inquiry skills in every 
pupil who takes biology. 
To conclude this analysis Gray's statements (1992:3,61-62) concerning project 
work need to be revisited especially if some of the visions in the South African's 
government RDP are to be fulfilled. Gray's statements are: 
(a) Children must not lose the opportunity to learn management skills. 
(b) Many large industries run continual studies called "bottle-necking". The 
function of technicians involved in "bottle-necking" is to examine those parts 
of a production line that limits the overall rate of production in a lengthy 
process. Hence a "bottle-necker" tries to speed up the rate of the slowest 
step in the process and to do this problems need to be identified and solved, 
often without a full understanding of the actual causes of the problem and 
scientific basis for the solution. 
Hence the obvious implication that can be made from Gray's statements is 
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that project work, if planned and handled correctly, is one of the rare 
opportunities for fill pupils especially those who are not going to continue their 
studies at tertiary institutions, to develop attitudes and skills that could be 
applied in daily life to improve their quality of life. 
6.7 TEACHERS' RESPONSES CONCERNING THE FREQUENCY TO PROVIDE 
PUPILS AN OPPORTUNITY OF ATTEMPTING SIMPLE OPEN-ENDED 
INVESTIGATIONS OR SIMPLE INVESTIGATIVE PROJECT WORK 
The teachers were asked to indicate how often they gave their pupils simple 
open-ended investigations or simple investigative projects to do. They were 
requested to tick one of the responses below: 
once a year 
more than once a year 
not at all 
Much to this researcher's surprise the analysis of the responses indicated the 
following: 
once a year 
more than once a year 
not at all 
no response 
32,74% 
44,25% 
17,70% 
5,31% 
The fact that 44,25% of the teachers indicated that they allow their pupils to do 
simple open-ended practical work more than once a year is contrary to the 
findings in Isaac's research (1990:292-293) and to comments in Magi's research 
(1993:43). Hence it is apparent that a "major" mismatch exists between the 
findings of this research study and that of Isaac's (1990). 
To ascertain some insight (very little) concerning this mismatch the researcher 
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asked just this one question to a total of 50 biology teachers at 2 in-service 
biology courses which were held in July 1995 at Durban Teacher's Centre and 
in September 1995 at Port Shepstone High School. The question was "How 
often do you give your pupils simple open-ended investigations or simple 
investigative project work to do?" ... These 50 teachers were selected by T Isaac 
(Acting superintendent of biology of the former HOD). Teachers from all 5 former 
departments and from private schools were represented in this sample. No 
mention was made of the "mismatch" to these teachers. 
Analysis of the responses of these 50 teachers presented a totally different 
picture. This analysis is: 
once a year 
more than once a year 
not at all 
20% 
8% 
72% 
The reason why these 50 teachers' responses from the same 5 former 
departments and from private schools to the same question differed so 
significantly from the "actual" sample in this research study is not clear. Perhaps 
further research on "project work in action in KwaZulu-Schools" may throw more 
light on this question. 
6.8 JUDGES' RESPONSES CONCERNING THE ACHIEVEMENT OF THE AIMS 
AND OBJECTIVES OF BIOLOGY TEACHING BY INVESTIGATIVE PROJECT 
WORK 
Requesting judges of the biology section of the Natal FFS Expo for Young 
Scientist in KwaZulu-Natal was made primarily because project work in biology 
is not compulsory in KwaZulu-Natal schools. Teachers and/or pupils decide for 
themselves whether project work should be done. To overcome the problem of 
ascertaining "project work in action" in "selected" schools the researcher 
approached judges of Expo to air "their" views about the role played by 
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investigative projects in the achievement of the 33 objectives of Biology teaching 
(See Appendix 03). Other reasons for this choice has been outlined in Chapter 
1. Unlike the teacher questionnaire, the judge questionnaire requested judges 
to state whether each objective was achieved "to a very great extent" or "to a 
great extent" or "to a small extent" or "not at all". The judges' opinions which 
were obtained from the investigative projects that they judged are shown in 
tables 6.39-6.41. Once again the objectives have been grouped to correspond 
to the aim from which they were derived. 
Table 6.39: Judges' responses to objectives 1 to 4 i.e. acquisition of knowledge 
OBJECTIVE 1 2 3 4 
NUMBER 
Very Great 1 2 
% 10 20 
Great 9 10, 6 3 
% 90 100 60 30 
Small 2 7 
% 20 70 
Not at all 
% 
Total 10 10 10 10 
% 100 100 100 100 
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Table 6.40: Judges' responses to objectives 5 to 20 i.e. the development of inquiry skills 
OBJ EC- 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
TIVE 
NUMBER 
VERY 
GREAT 4 3 3 2 3 4 2 1 2 2 1 1 1 1 3 1 
% 40 30 30 20 30 40 20 10 20 20 10 10 10 10 30 10 
GREAT 4 3 7 8 3 6 4 8 7 7 4 4 2 7 8 
% 40 30 70 80 30 60 40 80 70 70 40 40 20 70 80 
SMALL 2 4 4 4 1 1 1 5 5 8 4 
% 20 40 40 40 10 10 10 50 50 80 40 
NOT AT 1 3 1 
ALL 10 30 10 
% 
TOTAL 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 
% 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
*N.B.: "Rounding off' error 
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Table 6.41: Judges' responses to objectives 21 to 33 i.e. the development and inculcation of attitudes and values 
OBJECTIVE 21 22 23 24 25 26 27 28 29 30 31 32 33 
NUMBER 
VERY GREAT 6 2 1 2 3 2 2 1 4 2 7 
% 60 20 10 20 30 20 20 10 40 20 70 
GREAT 4 8 8 3 3 2 6 6 6 7 4 8 3 
% 40 80 80 30 30 20 60 60 60 70 40 80 30 
SMALL 2 6 7 5 2 2 2 2 
% 20 60 70 50 20 20 20 20 
NOT AT ALL 1 1 
% 10 10 
TOTAL 10 10 10 10 10 10 10 10 10 10 10 10 10 
% 100 100 100 100 100 100 100 100 100 100 100 100 100 
*N.B.: "Rounding off' error 
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The following conclusions can be made from the judges' opinions: 
(a) The majority of all the judges felt that only 27 of the 33 listed objectives were 
achieved "to at least a great extent" in the projects assessed by them. These 
objectives were numbered 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 19, 20, 
21, 22, 23, 27, 28, 29, 30, 31, 32 and 33. 
The actual percentage of the judges who regarded these 27 objectives as being 
achieved "to at least a great extent" ranged from 50% to 100% as shown below: 
% NUMBERED OBJECTIVES 
100 1,2, 7,8, 10, 19,21,22,32,33 
90 12, 13, 14,20,27 
80 3,5,23,28,29,30,31 
60 6, 9, 11 
50 15, 16 
(b) The objectives that were not achieved in the opinion of the majority of the judges 
"to at least a great extent" were numbered 4, 17, 18, 24, 25, 26. The actual 
percentage of judges who felt in this way is: 
% NUMBERED OBJECTIVES 
90 17 
70 4, 18,25 
60 24,26 
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6.9 JUDGES' OPINIONS VERSUS TEACHERS' OPINIONS 
The following conclusions can be drawn when the judges' opinions and the 
teachers' opinions were compared. 
(a) The majority of all the teachers (68, 14%) felt that all 33 objectives could 
be achieved "to at least a great extent" by investigative project work. The 
judges on the other hand felt that only 27 of these objectives were 
achieved by pupils attempting investigative projects. 
(b) Only 12 objectives showed significant differences for 'at least to a great 
extent" when teachers' and judges'opinions were compared. The 
numbers of these 12 objectives together with the percentages for 
teachers' opinions, judges' opinions and for the difference between 
teachers' and judges' opinions are shown below: 
OBJECTIVE NUMBER TEACHER'S OPINION JUDGES' OPINION % DIFFERENCE % 
% 
04 77,88 30 47,88 
06 89,38 60 29,38 
09 90,27 60 30,27 
11 84,95 60 24,95 
14 68,14 90 21,86 
15 82,30 50 32,30 
16 78,76 50 28,76 
17 74,34 10 64,34 
18 68,14 30 38,14 
24 87,61 40 47,61 
25 80,53 30 50,53 
26 85,84 40 45,84 
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The difference in percentage ranged from 21,86% for objective number 
14 to 64,34% for objective number 17. The probable reason for the 
significant drop in percentage of "to at least a great extent" responses 
for objectives 24, 25 and 26 may be attributed to the fact that these are 
attitudinal skills. These Skills according to Dowdeswell ( 1981: 102) are 
particularly difficult to attain. Furthermore, Williams (1984: 180) states 
that the only person who can have some idea of change in a pupil is the 
teacher who has known and had the confidence of a pupil for a long 
period and has been able to build up "profile". From this statement it is 
implied that judges do not know the pupils for a long period and may 
therefore not be able to assess these attitudinal skills. The end product 
may not be able to demonstrate to the judges the achievement of these 
3 objectives. 
For objectives number 17 and 18 the drop in percentage of "at least a 
great extent" may be because these objectives could be best achieved 
by the more able and advanced pupils. It is also probable that the 
pupils were not given sufficient guidance on how to tackle investigations 
involving these objectives. Guidance may have been deliberately 
withheld because the full potential of the pupil was to be assessed and 
not that of the teacher's. 
The probable reason for the drop in percentage of "at least a great 
extent" responses for objective number 4 may be because a thematic 
study involves broader and rigorous treatment than a specific aspect of 
a topic. The reason/s for the drop in percentage of "at least a great 
extent" responses for objectives 6, 9, 11, 14, 15 and 16 is/are not clear. 
These are legitimate objectives that can be achieved by investigative 
project work by all pupils. Without these objectives executing 
investigative work may be impossible. This, therefore, has obvious 
implications for in-service courses concerning project work. 
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(c) Objective number 14 showed an increase in percentage of "at least a 
great extent" responses. Judges at Expo found that this objective was 
achieved in projects at a higher level than that anticipated by teachers. 
6.10 JUDGES' OPINIONS VERSUS TEACHERS' OPINIONS AND THE 
LITERATURE SURVEY CONCERNING ACHIEVEMENT OF OBJECTIVES 
BY INVESTIGATIVE PROJECTS 
In Chapter 4, table 4.12 it was shown from a literature survey that 23 
(69,70%) of the 33 objectives of biology teaching could be achieved by 
investigative project work. Teachers' responses in this chapter indicated that 
the majority of them (68, 14%) felt that all 33 objectives could be achieved "to 
at least a great extent" by investigative project work. Although teachers felt 
that all 33 objectives could be achieved, judges on the other hand felt that 
investigative project work achieved only 27(81,82%) of the 33 objectives. 
The research literature surveyed by Isaac (1990:73-80, 94-95) indicated that 
project work does not al low for the achievement of objectives number 8, 17, 
18, 20, 24, 25, 29, 30, 31 and 32. Teachers of KwaZulu-Natal felt otherwise. 
They felt that all 33 objectives could be achieved "to at least a great extent". 
Judges on the other hand indicated that investigative projects achieved 
objectives 4, 17, 18, 24, 25 and 26 "to a small extent" and/or "not at all". The 
remaining ones were achieved "to at least a great extent". 
Teachers, judges of Expo and researchers e.g. Isaac (1990) therefore have 
different perceptions about the number of objectives that could be/can be 
achieved by investigative project work. However, while this may be so they 
all seem to agree that investigative project work can achieve 23 (69, 7%) of 
the 33 objectives of biology teaching. Objectives derived from all 3 aims 
could be achieved, especially objectives concerned with the development of 
inquiry skills and the development of attitudes and values. 
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6.11 PUPILS' COMMENTS CONCERNING INVESTIGATIVE PROJECT WORK 
On 15 August 1995 pupils at Expo were personally approached by the 
researcher to write a story indicating positive and/or negative aspects 
.. 
associated with the investigative project way of learning. They were urged to 
expressed their personal feelings. The 13 requests produced 13 stories. The 
researcher decided that for a story to be included in the data in this research 
study it had to provide an answer/s to the following three questions: 
(a) Does it describe a definite learning situation? 
(b) Does it contain clearly identifiable feeling about the situation? 
(c) Does it contain a reason/s associated with the feeling/s? 
Analysis of the pupils' stories revealed that only 10 of them could be used in 
this research study. The 1 O stories covered a range of learning situations. 
Of these 10 stories ... 
1 ( 10%) was about the typical "chalk and talk" lesson and project work 
6 (60%) were about project work only 
2 (20%) were about the type of practical work done in the laboratory and 
project work 
1 ( 10%) was about project work, experiments in the laboratory and 
examinations 
The comments made by the pupils were as follows: 
(a) "This project was the most enjoyable experience in biology this year. We 
had great fun and we believe that the majority of consumers will find the 
results interesting because the public has very little knowledge of the 
effectls of the different types of anti-acids. It is a pity that comparative 
advertising is not allowed in South Africa. Investigations done on a 
comparative basis would be of a great benefit to the consumers. These 
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results would allow the consumers to make educated well-informed, cost-
efficient and effective purchases. It would enable consumers to avoid 
wasting money on products which do not live up to the claims made by 
inaccurate, exaggerated advertising campaigns. We believe that biology 
ought to allow us to make sense of the world and doing investigative 
projects is the way to find out". 
(b) "I feel very excited about the way I reacted while doing my project, 
especially since I was always frightened of the words "biology 
experiments", let alone what was involved in biology. I was always 
frightened of "biology experiments" because I was "shouted at"in 
Standard 8 when my experiment did not work out as my teacher wanted 
it to. I was made to feel that I "let him down" in the presence of his 
superior who sat at the back of the laboratory by stating that my results 
were different from the others. By doing projects I developed feelings of 
relief to think that I was not wrong on that day in Standard 8. I am now 
confident that I can actually learn biology the way I like it and this subject 
has meaning for me". 
(c) "Project work is one which is chosen by the individual or by the group. This 
freedom to choose what you want to do is much more enjoyable, educational 
and worthwhile than following the worksheets given to us in the laboratory. 
Personally, I think that the free and open atmosphere involved during project 
work makes the individual more committed to his work. The individual is also 
placed in a situation where he/she is more willing to learn. He/she perserves 
to do his best in this set-up. On the other hand, school work is portrayed as 
having a boring element attached to it. This is probably the case because a 
whole host of information is shoved down our throats in order to widen our 
horizons. I always wonder how my horizon can be widened by experimenting 
on something that I can read about in my textbook or did before. At times I 
feel like screaming at my teacher especially when he askes me to do 
experiments that don't interest me at all. Placing a bell jar over a well 
watered potted plant and placing this apparatus in a well lit place for a few 
days is something I did in primary school. When I asked, why again? I 
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received the following answer: "Your examination paper might have it and 
a good symbol will enhance your chances of getting a place at university". 
Finally I wish to state then even though my quasi answer may allow you to 
think that I am nuts I am sure that a mixture of approaches e.g. the teacher 
telling us everything, doing ptactical work to get the answer that appears in 
the textbook and project work will definitely expel the feelings of boredom and 
resentment I have toward the biology lessons that I have to put up with". 
(d) "We prefer projects to school laboratory work as we can do our own 
investigations. We feel satisfied after drawing up our own results and 
conclusions. This teaches us responsibility as we have nothing to rely on. 
We have to base our findings on our own results. The negative side of 
doing project work is the attitude of some of members of the public. This 
can be very upsetting and demoralizing. We felt extremely hurt when we 
were "thrown out" of coffee-shops while we were busy distributing 
questionnaires pertaining to our project on breast cancer. This however, 
did not deter us from continuing our work. At the end it taught us to "hold 
on", find other ways of distributing the questionnaires for in our minds 
lingered the thought that many persons out there in the shopping malls 
understand our quest for educating ourselves in the true sense of the 
word. lnspite of all the difficulties we had fun, we enjoyed ourselves, 
worked harder than we possibly imagined and survived! The final feeling 
was one of utter contentment that no experiment at school ever provided". 
(e) "My project opened my eyes in a way. In my diary I've written about my 
new "emerging awareness" about my dog. I cared and worried about my 
silkworms that I used in my project. I am not even aware why I felt this 
way. After my project I began to look at my dog differently. All my 
experiments at school never taught me to have this feeling and admiration 
that I now have for my dog". 
(f) "/ found biology projects to be fun. I found I enjoyed doing the project on 
tooth decay perhaps because it gave me scope to find things out. I was 
left on my own, I worked at my own pace and I read up and obtained all 
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the information I wanted from books and from frequent visits, to various 
dentists. It was good because you have so much freedom. For once, I 
was allowed to pick for myself rather than have everything presented to 
me. Attempting a project has no negative sides. When I "hit" problems 
they i.e. the teacher and my dentist were available to help me". 
(g) "Projects made me feel an independent person. Because it was my 
choice, I enjoyed what I did. I did not mind when things did not work out 
the way I wanted it to. I learnt to find out other ways and means when 
things went wrong. I also learnt that the teacher, our parents cannot be 
there for us forever. When would I learn to make rational decisions for 
myself and feel responsible for my own actions? Well I am proud to say 
that such independence I got when I did a project for Expo which won 
me a first (gold)". 
(h) 'There is no enjoyment in learning biology when project work is not done. 
All I have to do is to sit and listen to his monotonous voice. This is 
certainly taboo for me. Doing projects allowed me to change my view I 
had about biologists working in a laboratory. To me they were seen as 
some crank professor in a research laboratory, until I personally visited 
and worked in a research laboratory. Observing the researcher in biology 
in the EM unit at Natal University in Pietermaritzburg indicated to me that 
biologists doing research are just ordinary people like Mum and Dad". 
(i) "My project on cancer brought home to me how biology is related to my 
everyday life. I've learned an enormous number of things in a short time. 
I've learned a little bit of information about cancer in medical terms. I 
learned that one question can lead to an endless chain of questions. I 
learned to become curious. I learned to relate to terminally ill people 
especially my mother. Most important of all I learned to enjoy the little 
time that I have left with my mother". 
OJ "At last I feel I am just as good as him. My involvement in the group 
project made me aware that girls can be just as good as boys when doing 
investigations. In the school laboratory boys are always the ones who are 
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trusted with the apparatus. At last we girts were being trusted and treated 
as if we were capable of handling the apparatus. No-one watched over 
us the whole time. The boys respected our thoughts and decisions and 
we did the same for the boy's ones. We learnt to get on like a house on 
fire. The weekly meetings ·at each others homes were great. The food 
was great too! There was no frustration at having to pack up, clean up 
and leave the work we were doing as we experience when we work in the 
laboratory at school". 
. , 
6.12 RESUME 
The nature of biology and the aims and objectives of biology teaching were 
researched because of the close relationship between these topics and teaching 
strategies. The teaching of biology ought to reflect the threefold nature of biology 
i.e. its products, its processes and the way of life of the scientist. To achieve this, 
aims need to be formulated. Aims were derived from the nature of biology. 
However, aims are long termed achievements. Objectives which are short 
termed achievements therefore need to be derived. These objectives provide 
guidance and direction for the teacher and could be achieved in a single lesson 
or a series of lessons concerning a particular topic. The implementation of 
various teaching strategies permit a teacher to achieve his/her objectives. 
Therefore if objectives are being achieved, it would also mean that aims are 
being achieved and this in turn would mean that the teaching of biology would 
reflect the threefold nature of biology as a science. 
The survey in this research study found that 64,60% of all the teachers were 
familiar with the topic, the nature of biology "to a great extent". A major mismatch 
is found to exist between the finding in this research study and other research 
studies e.g. Isaac's (1990), Magi's (1993). Very few teachers (27,43%) indicated 
that were not familiar with the aims and objectives of biology teaching. 72,57% 
indicated that they were familiar with this topic. This is understandable when one 
considers that 88,50% of all the teachers in KwaZulu-Natal are professionally 
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qualified to teach biology. 
The majority of teachers (76, 99%) from all 5 former departments of education 
and from private schools felt that all 4 objectives concerned with the acquisition 
of knowledge could be achieved "to at least a great extent" by investigative 
project work. The objective pertaining to the recall of factual knowledge 
(objective 1) drew a lower response (84,96%) than the one that involved pupils 
to link knowledge with structure, environmental conditions (objectives 2 -
87,61%). 
There was a great spread in the selection of options by all the teachers with 
regard to the achievement of the 16 objectives concerned with the development 
of inquiry skills. Only teachers from the former HOR indicated that all 16 
objectives could not be achieved by using investigative project work as a 
teaching strategy. Teachers (75%) from this former department indicated that 
objectives 18, 17 could be achieved "to a small extent" and/or "not at all". 
Objective 20 on the other hand drew a 0% response. With regard to the 
remaining 13 objectives a large majority of these teachers felt that it could be 
achieved "to at least a great extent". This large majority ranged from 100% for 
objectives 10, 13, 7, 9, 8, 19, 11 and 12 to 50% for objective number 14. 
Although 75% of the teachers from the former HOR felt that objectives numbers 
18, 17 and 20 could not be achieved "to at least a great extent", the overall 
feeling of a large majority _of all the teachers in KwaZulu-Natal felt that 
investigative project work could be a successful teaching strategy that could 
achieve all 16 objectives "to at least a great extent". This large majority ranged 
from 68, 14% for objective number 14 to 90,27% for objective number 9. 
The majority of all the teachers (80,53%) also felt that all 13 objectives 
concerned with attitudes and values could be achieved "to at least a great 
extent". Objective number 33 drew the highest percentage of responses 
(94,69%). When the 33 objectives were viewed in its entirety, the responses of 
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the majority of all the teachers indicated that investigative project work could be 
most successful to achieve objectives pertaining to the aim concerned with 
attitudes and values. 
All 1 O listed factors that could adversely affect attempts of using investigative 
project work as a teaching strategy drew responses that clearly indicated that 
they (i.e. the 10 factors) could hamper the implementation and use of the 
strategy "to a great extent". 79,65% of all the teachers felt that large classes is 
the main stumbling block. Lack of laboratory facilities and equipment, (71,68%) 
inability of pupils to stay in after school hours because they travel long distances 
(69,91 %) and inadequate resource material (69,03%) drew the second, third and 
fourth highest percentages respectively of "to a great extent" responses. 
Some teachers added additional factors that could adversely affect investigative 
project work "to a great extent". These factors were duration of lessons, inability 
of pupils to stay in after school because of extra-mural activities e.g. sports, 
assessment of project work, teacher competency to teach biology using the 
investigative project strategy, pupils' proficiency in english, attitude of teachers 
and pupils toward investigative project work. 
Although the majority of all the teachers felt that all 10 factors could adversely 
affect the use of investigative project work "to a great extent", there were some 
teachers from both "advantaged" and "disadvantaged" schools who felt 
otherwise. These teachers felt that the 10 listed factors could affect the use of 
investigative project work "to a small extent and/or "not at all". This minority of 
teachers ranged from 18,58% for factor number 3 (large classes) to 45, 13% for 
factors number 4,6 and 8 (mixed ability classes, inflexible syllabus, high cost of 
projects respectively). 
With regard to investigative project work as a teaching strategy, the majority of 
all the teachers (82,30%) felt that this strategy would be most beneficial to those 
pupils who are going to study in science related fields at tertiary institutions. 
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76, 99% of teachers indicated that they do open-ended/simple projects at least 
once ayear. A major mismatch exists between this finding ahd earlier research 
(Isaac 1990). Further inquiry, however, revealed a different picture i.e. only 28% 
do such activities at least once a year. 
The majority of judges of FFS Expo for Young scientists in Natal clearly indicated 
that investigative project work can achieve 27(81,82%) of the 33 objectives of 
biology teaching. Furthermore pupils who have done investigative project work 
have in no uncertain terms stated in "their'' stories that they experienced fun 
doing projects, they learned about responsibility, they learned to care about and 
for living organisms, they learned to make biology part of their world, they 
learned to make alternate plans when the original one failed, they learned to 
assess information from first hand sources (professionals) and from second hand 
sources (textbooks), they learned to co-operate with peers, they learned to 
appreciate that scientists are just ordinary people wearing white coats, they 
learned to be cautious about advertisements, they learned to be curious and 
finally they felt relieved that learning biology was for everyone, not just boys or 
"high fliers". 
Thus William's statement (1984:10) that project work "is not a passing 
educational fad but an important method that will have to be developed further 
in its many manifestations" is certainly true and needs to be seriously considered 
as a supplement and a not a replacement teaching strategy to the existing 
methods presently employed in the teaching of biology in KwaZulu-Natal. 
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CHAPTER SEVEN 
THE MAIN FINDINGS, RECOMMENDATIONS AND IMPLICATIONS 
7.1 INTRODUCTION 
This study served to investigate the role, if any at all, that investigative 
project work as a teaching strategy can play in achieving the aims and 
objectives of biology teaching. The more specific aims of the study which 
are listed in Chapter 1 have been achieved. 
7.2 THE MAIN FINDINGS 
7.2.1 The didactic significance of aims and objectives of education and 
teaching 
It is common practice to represent teaching aims in terms of subjects such 
as english, history, biology, etc. Each of these subjects has its own aims. 
Because aims are stated in broad terms, their implementation in a course 
of lessons is difficult. Measures to determine whether these aims have 
been achieved are just as difficult as their implementation. There is a 
need to translate these broad aims into forms which are more tangible 
and hence more useful to serve as meaningful guides for classroom 
teaching. Educational objectives, which are descriptions of what pupils 
are expected to be able to do after a course or a single lesson, are an 
attempt to satisfy this need. 
There is an intimate relationship between aims and objectives. Objectives 
obtain their rationale from the aim that gave rise to them, Achievement of 
the objectives derived from an aim therefore represents achievement of 
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the aim. Some of the advantages of educational objectives are listed 
below: 
(a) Makes teaching responsive and relevant to the 
needs of the pupil. 
(b) It allows teachers to clarify their goals. 
(c) It allows teachers to communicate with other 
teachers, parents, advisors, etc. 
(d) It allows for the issue of accountability. 
(e) It spares pupils the frustration and time consuming 
effort of trying to guess what the teacher expects of 
them. 
(f) It helps the teacher to select his/her methods and 
materials for teaching. 
{g) It helps the teacher to evaluate pupils' achievements 
and their testing programme. 
(h) It helps pupils organise their own learning and 
evaluate their own progress. 
(i) Enables effective curriculum planning. 
Detailed specification of objectives are avoided. They are most useful 
when stated in general terms. The use of objectives written in general 
terms are as follows: 
(a) Teachers would not undertake the time consuming and 
impractical task of preparing an exhaustive list of objectives 
for every lesson. 
(b) Teachers need not formulate new objectives whenever 
there is a change in content. 
(c) Teachers can have greater flexibility in their choices of 
teaching methods, material and content. 
{d) Test items can go beyond testing for recall. The teacher 
could ask pupils to state examples other than those stated 
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in class or stated in the textbook or to apply new principles 
to new situations or to interpret new data or to formulate a 
hypothesis. 
( e) The teacher is no longer compelled to attain any or all of the 
objectives "Concerned with inquiry or attitudes in any 
particular lesson. He/she can choose an opportune 
lesson/lessons as long as he/she ensures that the pupils 
attain the objectives at the end of the course. 
7.2.2 The aims and objectives of biology teaching 
According to Eggleston (Ayerst, 1989:3) biology is taught so that pupils 
acquire knowledge and the development of certain intellectual skills, not 
one without the other. This is also the vision of the RDP of the democratic 
South African government i.e. life-long education. Bloom's taxonomies of 
objectives were not used. Instead the nature of biology was examined to 
arrive at three broad aims and thirty four objectives. Relevant literature 
was reviewed to arrive at three broad aims and thirty four objectives. The 
three broad aims were the acquisition of the products of science 
(knowledge}, the development of the processes of science (inquiry skills) 
and the development of the attitudes and values displayed by scientists 
as part of their way of life. It was found that although all the literature 
reviewed do not necessarily use the above-mentioned categorisation of 
aims, the aims of biology teaching specified could be conveniently fitted 
into this scheme. For each of these broad aims literature studied denoted 
detailed lists of objectives, indicating specific tasks that could be attained 
in a single or a series of lessons. From these lists, a detailed list of 34 
objectives was drawn up -see Chapter 2. 
Five objectives were drawn up for the aim, the acquisition of knowledge. 
For the aims, the development of processes of science and the 
development of attitudes and values 14 and 15 objectives respectively 
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were drawn up (see figures 7.1, 7.2 and 7.3). It is assumed that the 
cumulative effect of the achievement of the numerous objectives will lead 
to the attainment of the aim from which the objectives have been derived. 
recall 
information 
translated learned 
knowledge to a new 
similar situation 
ACQUISITION 
OF 
KNO\VLEDGE 
have knowledge and 
understanding of 
applications of biology 
(personal. social. 
technological. etc.) 
show relationship 
between/ amongst 
abiotic and/ or 
biotic factors 
explain 
major 
themes 
figure 7 .1 : Objectives pertaining to the aim. the acquisition of knowledge 
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identify 
problems 
select and 
organise information 
make accurate 
observations 
interpret data 
and make decisions 
formulate I select 
hypo these 
Communicate ideas 
orally I writing 
design 
experiments 
recognise limitations 
of science 
perform basic 
laboratory skills 
demand evidence 
to support findings 
Figure 7 .2 : Objectives pertaining to the aim. the development of inquiry skills 
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select correct 
apparatus 
follow written/verbal 
instructions to 
follow procedures 
record 
data 
distinguish ~ientific 
enquiry from superstition, 
magic, etc. 
work methodically 
and efficiently 
co-operate 
with others 
accept scientific 
enquiry as a way 
of thinking about 
issues and problems 
respect and 
sensitivity to 
living orgp.nisms 
respect and 
tolerate viewpoint 
of others 
consider alternate 
viewpoints about 
science related personal 
and social issues 
suspend judgement 
until reliability attained 
recognise role of 
science technology 
in society 
exercise open mind. 
willing to reverse 
judgements when 
new evidence found 
predict. speculate, 
take intellectual risks 
honestly and 
objectively record data 
Figure 7 .3 : Objectives pertaining to the aim. the development of attitudes and values 
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develop 
curiosity 
self-confidence. 
self-motivation. etc. 
enthusiasm 
for science 
persevere in face 
of difficulties 
7.2.3 The meaning of the concept "teaching" 
The meaning of the concept "teaching" was studied to determine the 
essence of teaching. Having reviewed the opinions of various 
researchers, it is clear th~t teaching and learning defies the traditional 
notion of the teacher being the authority figure. To be an effective teacher 
requires much more than following a "recipe-like" list of procedures, 
presenting content from a text book and effectively managing a class. 
Schwab (1963:245) describes teaching as an art. The Holmes Group 
(1990:10) consider teaching as an act of leadership. Tobin et al. 
(1994:47) do not define teaching. Instead, their statements on what 
teachers ought to do implies what teaching is about. By implication 
teaching is the monitoring of pupils' understandings, the guiding of 
discussions so that all pupils have opportunities to express their 
understandings orally or in written form and the engaging of teachers and 
pupils in activities such as clarifying, elaborating, justifying and evaluating 
alternative points of view. Teaching is therefore said to be an act where 
the teacher is considered to be a facilitator who leads, guides and 
mediates the learning process to ensure that learning becomes a way of 
life of the pupil. This vision of teaching is expected in today's and 
tomorrow's South African schools if the visions of the South African 
government's RDP of 1994 is to be fulfilled. 
7.2.4 The influence of the process-led approach and the content-led 
approach in the teaching of biology 
Present practices in a majority of schools in KwaZulu-Natal indicate that 
teaching is the act of delivering all the content i.e. the facts, definitions, 
concepts, theories, models, terminology, etc. Content coverage is 
the teachers' highest priority. Practical work is done to confirm 
relationships and help with understandings. Application of science is 
included only where the syllabus requires it or when a teacher feels that 
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it assists understanding. This content-led approach has drawn strong 
criticisms and has failed as many pupils cannot cope with all the content. 
Most of the content is described as being "cold", "remote" and "irrevelant 
to the lives" of a large proportion of the pupils. Hence courses caricatured 
as guided discovery and processes of science were advocated as 
opposed to the content-led approach. 
The premise of the process-led approach is that science should place 
more emphasis on its methods rather than focussing exclusively on its 
products. It is felt by the advocates of the process-led approach that if the 
subject curriculum is led in this manner the pupil would develop a sound 
knowledge of science (the products) and its methods (the processes). 
This call for a swing toward the process-led approach, however, drew 
numerous criticisms. Some of these criticisms are as follows: 
(a) It is equally undesirable and just as likely to fail as its 
content-based equivalent. 
(b) It is misleading to portray the "method of science" as a set 
of discrete processes. 
(c) It is theory dependent. 
( d) There is no general agreement whether science has a 
method, or if so, what it is. 
( e) It ignores the affective aspects of tacit knowledge, and it 
fails to assess this knowledge. 
(f) Observing, classifying, hypothesing, and so on are features 
of general cognition and there is no need for formal 
instruction. 
(g) The belief that processes of science are in some ways 
simpler and more accessible to pupils of lower ability is not 
true. 
(h) The "information explosion" is a weak argument for no 
longer teaching facts. 
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(i) There is no empirical evidence to support the belief that 
skills and processes are retained more readily then 
knowledge. 
U) There is little evidence to support the belief that processes 
.. 
are not tentative in nature. 
(k) The transferability of general skills of planning, observing, 
etc. is questionable. 
(I) It confuses means and ends. Involving pupils more actively 
in science does not mean that aims of science teaching 
would be achieved. 
Suggestions to disentangle the dilemma surrounding the approaches of 
science teaching have been made by various researchers. Advocating 
a holistic approach to skills and processes and striking a balance between 
the process-led approach and the content-led approach seems to be a 
way forward for biology teaching in the present South African educational 
set-up and in the future. The context in which the science curriculum is 
presented should relate to the individual, to society and to the whole 
curriculum. Achieving these formidable tasks will in fact be achieving the 
aims and objectives of biology teaching and also the visions expressed 
for the science and mathematics curricula in the ANC document: A Policy 
Framework for Educating and Training (1994:84). 
7.2.5 The role of expository and inquiry teaching strategies and the 
achievement of the aims and objectives of biology teaching 
"Expository" and "inquiry" teaching strategies were studied in order to 
determine which of these would be better able to achieve the objectives 
identified. The traditional expository methods are concerned mainly with 
the achievement of objectives revolving around the detailed content of the 
subject. Little or no reference is made to the tentative nature of biology 
as a science. Questions are mainly designed to obtain responses based 
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on the body of information taught. There is limited or no pupil-to-pupil 
interaction and also a lack of pupil-initiated discussions. The large 
amount of the detailed content is relevant only to a very small percentage 
of pupils i.e. less than 1 % (Watson, 1990:50) who will go on to study 
science at tertiary level. Hence achievement of the objectives concerned 
with the aims, inquiry skills and attitudes and values are much more 
valuable because they demand less content and have potential of transfer 
to new situations. The literature survey clearly indicates that inquiry 
teaching strategies are better able to achieve the aims, inquiry skills and 
attitudes and values than expository teaching strategies. Furthermore, 
inquiry teaching strategies were shown to also achieve the aim, the 
acquisition of knowledge. Examples of some inquiry teaching strategies 
that were included were investigative practical work, investigative project 
work, the use of original data, the use of reference material, the use of 
entire scientific documents and the case study approach. These 
strategies involve frequent reference to the nature of science, 
identification of new problems, postulating hypothesis, suggesting 
experimental design, investigating open-ended problems/practical work, 
analysing and interpreting data, frequent pupil-to-pupil interaction and 
frequent pupil-initiated discussion. 
The term/characteristics of investigative project work was closely looked 
at in order to determine its place and value in the teaching of biology. The 
survey to ascertain a definition or characteristics of the term, project 
revealed that there is no conformity concerning a definition of the term. 
However, from all these definitions/characteristics it is possible to 
characterize investigative project work as follows: 
(a) A highly responsible form of practical investigation in the 
study of biology, done by the pupil and guided by the 
teacher. 
(b) Pupil posed with a problem and thereafter involvement in 
the complete inquiry process-assuming, observing, 
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inferring, hypothesising, designing of observation, designing 
of experiments, identifying and controlling experimental 
variables, testing of hypothesis, recording of data 
(statements, tables, graphs), analysing of data (statements, 
tables, graphs), determining accuracy of data, identification 
of limitations and assumptions, drawing conclusion/s, and 
making recommendations. 
(c) Devoid of authoritarian answers to biology questions. 
Answers are generally not found in other people's work. 
(d) There may be no answer or solution at all in the end. 
(e) Formulating of new questions. 
(f) Pupils identifying and accepting failure. 
(g) Frequent pupil-to-teacher interaction. 
(h) Frequent pupil to pupil interaction. 
(i) Frequent pupil-initiated discussions. 
U) Some kind of end product such as a report in oral or written 
form whereby a pupil gives his/her own information and 
balanced judgements. 
The advantages of investigative project work was determined by 
comparing it with other teaching strategies. These advantages are as 
follows: 
(a) Encourages personal choic~ of a problem of study. This 
stimulates pupils' interests and develops personal 
responsibility for the task and commitment rather than 
meeting the teacher's requirements. 
(b) Demands participation, action and involvement rather than 
mere transfer of information. 
(c) Gives pupils practice in learning and developing processes 
and scientific attitudes and values rather than just the 
products of science. 
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( d) Enables pupils to experience the satisfaction of working on 
a complex task independently or in small groups over a 
period of time rather than doing unconnected exercises at 
regular or irregular periods. 
(e) Provides scope for a degree of co-operation amongst pupils 
who work as a team rather than purely private work in which 
competition with others takes precedence over the work 
itself. 
(f) Provides an opportunity to express creativity and for the 
practise of communication skills rather than merely 
reporting what the teacher wants. 
(g) Provides an opportunity to practise methods that enable 
pupils to seek answers for pressing issues in their personal 
lives rather than what is required in the syllabus. 
(h) Stimulates pupils to continue their pursuit of knowledge 
rather than just recalling facts for testing purposes. 
The aims of project work were classified into 6 main groups namely 
involvement, skills for independent work, skills for group work, skills for 
effective communication, knowledge and personal development. A 
detailed list indicating 35 specific aims/objectives of project work were 
thereafter listed. See Table 7.1. 
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Table 7.1 : Summary of Aims of Project Work 
INVOLVEMENT SKILLS -INDEPENDENT SKILLS - GROUP SKILLS - KNOWLEDGE PERSONAL 
WORK WORK COMMUNICATION DEVELOPMENT 
Total commitment Recognization of problem Co-operation Debating Familiarity of methodology of subject Self-confidence 
Realistic selection of Definition of problem Deepening understanding of subject 
topic Management of Presentation of Clear thinking 
people formal report/paper Familiarity of facts, views, situations 
Responsibility Resourcefulness Realistic assessment of 
Scientific Cost awareness one's capabilities 
Enthusiasm Planning Chairing presentation of 
discussions findings for a Location of literature Equipping one to face 
Satisfaction Analysis of factors in scientific literate I challenges 
solving problem audience Acquisition of knowledge 
Creativity Networking and Becoming aware of ones 
Seeking of data share-netting shortcomings 
Selection of relevant data Exercising of tact Continuous pursuit of 
and diplomacy knowledge 
Generation of data 
Formulation of conclusions 
Integration of data 
Critical analysis 
Realistic expectations 
Presentation of findings 
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Investigative project work was shown to achieve 69, 70% of the objectives of 
biology teaching -see Chapter 4. This inquiry teaching strategy achieved the 
highest percentage of objectives of biology teaching when compared with the 
other teaching strategies. The percentages for the various teaching strategies 
are shown below: 
Lectures 
Original data 
Reference material 
Verification practical 
Case Studies 
Investigative practical 
Scientific papers 
Investigative projects 
12,12% 
21,21% 
27.27% 
27,22% I 33,33% 
36,36% 
42,42% 
54,55% 
69,70% 
Furthermore, it was shown that investigative project work can achieve objectives 
concerning all 3 aims especially those concerning the aims, inquiry skills and 
attitudes and values. - See Chapter 4. Numerous shortcomings, however, have 
been listed against the incorporation of investigative project work in the teaching 
of biology. Some of these shortcomings include time, large classes, coverage 
of a topic in "depth", pupils' attitude to projects, assessment procedure, lack of 
resources/apparatus, cost, originality, degree of parent involvement, and clashes 
of personalities between teacher and pupils. 
lnspite of the difficulties, the use of investigative project work as a teaching 
strategy from the literature survey clearly indicates that it could achieve a larger 
number/percentage of the objectives of biology teaching whereas other 
strategies address a lower number/percentage of the objectives. 
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7.2.6 The role of investigative project work in achieving the aims and 
objectives of biology teaching at standards 8 to 10 levels in 
secondary schools in KwaZulu-Natal 
Biology teachers, judges of the Natal 1995 Expo for Young Scientists and 
pupils who did investigative projects for the 1995 Expo competition were 
asked to comment on investigative projects. The teacher and the judges 
completed questionnaires -see Appendix 83 and 02. 
The standard 8 to 10 biology teachers were asked to indicate the extent 
to which investigative project work in the teaching of biology could be 
successful in achieving each of the 33 objectives. Judges on the other 
hand were to state the "actual" extent of success of investigative project 
work. 
Analyses of these teacher questionnaires -see Chapter 6 revealed the 
following: 
(a) The majority of teachers (68, 14%) in KwaZulu-Natal felt that 
. every one of the thirty three objectives could be achieved 
"to at least a great extent". Investigative project work 
permits the learning of content, the development of inquiry 
skills, and the development and inculcation of attitudes and 
values of biology and toward biology. It is therefore clear 
that investigative project work as a teaching strategy is not 
looked upon primarily for the purpose of the acquisition of 
specialized factual knowledge, but rather as a means of 
generating and inculcating certain attitudes and values and 
of acquiring and practising new inquiry skills. Investigative 
project work is therefore seen by the majority of teachers in 
KwaZulu-Natal as a teaching strategy that could achieve a 
large range of the objectives of biology teaching especially 
those concerned with the development of inquiry skills and 
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OBJECTIVE 
attitudes and values. Furthermore, 88,50% of the teachers 
who responded by completing and returning the 
questionnaires, were professionally qualified and the 
majority of the teachers indicated that they were familiar 
with the topics nature of biology and aims and objectives of 
biology teaching "to a great extent". 
(b) The majority of teachers (80,53%) felt that investigative 
project work is most effective for the achievement of some 
of the objectives concerned with the aim the development 
and inculcation of attitudes and values. See Chapter 6. 
In rank order investigative project work most effectively develops 
the following attitudinal objectives: 
OBJECTIVE NO. %RESPONSE 
ability to show appreciation for the importance of 33 94,69 
investigatory work in biology; 
ability to exercise responsibility in the handling of 
chemicals, specimens, etc. 31 93,81 
ability to carry out biological activities enthusiastically 
ability to work willingly in co-operation with others 21 92,92 
ability to develop curiosity and an interest in and 
enjoyment of, living things 27 91,15 
·30 90,27 
Attitudinal skills, are difficult to teach and assess (Dowdeswell, 1981: 102). 
Despite this, researchers feel that they are the most important objectives of 
biology teaching (Van Aswegan et al. 1993:42; Woolnough 1990a:7). It is 
imperative therefore to teach for these attitudinal objectives. The results of this 
research study clearly indicates in the opinion of the majority of teachers that 
investigative project work can be seen as a teaching strategy that could develop 
a large range of these objectives which have transfer potential. 
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( c) Although the majority of teachers felt that investigative project work 
can achieve all 33 objectives "to at least a great extent" the rank 
order indicating the % responses drawn for the 33 objectives 
revealed that, the potential of investigative project work in 
achieving some objectives e.g. 11,15, 16, 17, 20 and 18 were 
"underplayed" by the majority of teachers in KwaZulu-Natal (See 
Chapter 6). These objectives together with their number, rank, 
place and percentage responses they drew are: 
OBJECTIVE OBJECTIVE NO. RANK PLACING %RESPONSES 
ability to obtain information from 11 21 84,96% 
reliable sources; 
ability to generalize, summarize, 
draw conclusions, make deductions, 
form inferences evaluate .... 
(i) non-numerical and non-graphical 
information and make decisions on 
it; 15 24 82,30% 
(ii) numerical and graphical 
information and make decisions on 
it; 16 26 78,60% 
ability to determine limitations in the 
design of experiments/investigation 
and information presented; 17 30 74,34% 
ability to distinguish the process of 
scientific inquiry from magic, 
superstition and witchcraft; 
20 31 70,80% 
ability to demand evidence in 
support of claims. 
18 32 68,14 
Analysis of judges' opinions in Chapter 6 revealed: 
(a) that only 27 of the 33 objectives were achieved "to at least 
a great extent". These objectives were numbered 1, 2, 3, 
5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 19,20,21,22,23, 
27, 28, 29, 30, 31, 32 and 33. 
(b) Only 6 of the 33 objectives i.e. objective numbers 4, 17, 18, 
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24, 25 and 26 were not achieved "to at least a great extent". 
When the teachers' and judges' opinions are compared a close correlation 
in opinions is seen to exist-See Chapter 6. The majority of the teachers 
(68, 14%) felt that all 33 objectives could be achieved "to at least a great 
extent" while the majority of judges (50%) felt that 27 of the 33 objectives 
are being achieved. Furthermore, it was found that the 6 objectives which 
judges felt were not achieved were in fact ranked by teachers in positions 
ranging from the 14th position to the 32nd positon in the rank order. -See 
Chapter 6. This in a way re-affirms the findings of the judges and the 
feelings of the teachers. The majority of judges, unlike the majority of 
teachers found that some objectives pertaining to the acquisition of 
knowledge, the development of inquiry skills and the development of 
attitudes and values drew 100% responses for the option to "at least a 
great extent". This ciearly indicates the tremendous impact that 
investigative project work has on the achievement of some of the 
objectives of biology teaching. 
A close correlation is also seen to exist between the findings in this 
research study concerning the place and value of investigative project 
work and the relevant literature reviewed in Chapter 4. The literature 
survey indicated that 23 of the 33 objectives (69, 70%) could be achieved 
by investigative project work. 
Teachers, judges and researchers therefore have different perceptions 
about the number of objectives that can be achieved by investigative 
project work. But while this is so and understandable it is important to 
stress the fact they all seem to agree that investigative project work can 
achieve 23 of the 33 objectives of biology teaching (69,70%). Thus a 
large range of objectives can be or are being achieved by investigative 
project work. 
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Finally the most important persons in the teaching and learning process 
that is, the pupils have in no uncertain terms, stated that they enjoy doing 
project work. Furthermore, they claim to have developed attitudes and 
values which are difficult to come by during classroom practices and to 
make biology part of "their" world. Most important of all they see biology 
as being accessible to everyone of them. 
7.2.7 Major factors that adversely affect the use of investigative project 
work 
All 1 O listed factors in the questionnaire drew responses that clearly 
indicated that they could hamper the implementation and use of this 
strategy "to a great extent". -See Chapter 6. The factor that drew the 
highest percentage responses for "to a great extent" was number 10 i.e. 
large classes. 79,65% of the teachers felt in this way. Lack of laboratory 
facilities and equipment (71,68%), inability of pupils to stay in after school 
hours because they travel long distances (69,91 %) and inadequate 
resource material (69,03%) drew the second, third and fourth highest 
percentages respectively of "to a great extent" responses. 
Additional factors which teachers felt that could adversely affect the 
implementation and use of investigative project work "to a great extent" 
were duration of lessons, inability of pupils to stay in after school because 
of extra-mural activities, assessment of project work, teacher competency 
to teach biology using the investigative project work, pupils' proficiency in 
english and attitudes of teachers and pupils toward investigative project 
work. Although the majority of teachers felt that all 10 factors could 
adversely affect the use of investigative project work "to a great extent" 
a surprisingly optimistic finding was that a minority of teachers ranging 
from 18,58% for factor 3 to 45, 13% for factors 4, 6 and 8 felt that all or 
some of the 1 O factors affected investigative project work "to a small 
extent" and/or "not at all". Furthermore, this minority of teachers were 
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from both the "advantaged" and "disadvantaged schools. 
7.2.8 Frequency of investigative project work at standards 8 to 10 levels 
in secondary schools in KwaZulu-Natal 
Initially a major mismatch is found to exist between the finding in this 
research study and earlier research studies. 76,99% of the teachers 
indicated that they do simple open-ended projects at least once a year. 
However, further inquiry revealed a different picture i.e. only 28% do such 
activities at least once a year. Further investigation is needed in this 
respect. 
7.2.9 Target group of pupils for whom investigative project work would be 
most beneficial 
The majority of teachers (82,30%) felt that this teaching strategy would be 
most beneficial to those pupils who are going to study in science related 
fields at tertiary institutions. Only 5,31 % of the teachers felt that pupils 
who are going to study in non-science related fields would benefit from 
this strategy. An even alarming lower percentage of teachers (3,54%) felt 
that it would benefit pupils who were not going to study at tertiary 
institutions (See Chapter 6 ). 
7.3 RECOMMENDATIONS AND IMPLICATIONS 
Recommendations 
It is recommended that a deliberate attempt be made to ensure that all 
biology pupils in secondary schools in KwaZulu-Natal do a simple 
investigative project at least once a year at the standard 8, standard 9 
and/or standard 10 level. 
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N.B.: At the standard 10 level pupils and teachers may find it difficult to spend time on the 
project because of the time constraints and the influence that the Senior Certificate 
Examination in Biology has on the teachers' choice of teaching strategies. 
Motivation 
As pointed out in Chapter 1 and Chapter 6, the teaching strategies used 
for the teaching of biology at the standards 8 to 1 O levels in secondary 
schools in KwaZulu-Natal are mainly expository. Teachers stress the 
learning of detailed information (product component of the nature of 
biology), and the subject biology is portrayed as an objective body of 
knowledge. These expository teaching strategies are therefore adequate 
to satisfy the objectives concerned with the acquisition of knowledge. It 
also allows pupils to get the best possible theory examination results 
since there is a close correlation between the objectives tested and the 
objectives attempted and/or achieved in the teaching of biology. While 
the use of such strategies is understandable when one appreciates the 
pressure that comes from pupils, their parents, school administrative staff 
and superintendents of education to produce good examination results, 
their use does not allow the teaching of biology to reflect the threefold 
nature of biology as a science. The development of the majority of 
objectives concerned with development of inquiry and attitudinal skills are 
ignored. Inquiry teaching strategies e.g. investigative project work, 
investigative practical work, use of original data, etc., on the other hand, 
cater for the development of a wide range of inquiry and attitudinal skills. 
In addition to this, these teaching strategies also cater for the acquisition 
of knowledge. It is these inquiry and attitudinal skills, because of their 
potential to be used in daily life, that are of tremendous value to all biology 
pupils. Thus, the preparing of all pupils for full participation as citizens of 
South Africa is best achieved by teachers implementing inquiry teaching 
strategies at least for some proportion of the teaching time. Investigative 
project work is an attempt to satisfy this need. 
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Implications 
This recommendation has the following implications for the Department 
of Education and Culture, Province of KwaZulu-Natal: 
(a) Schools offering biology without laboratory facilities and schools 
which are in the planning stage should be provided with laboratory 
facilities that have basic services such as electricity, water and 
gas. 
The review committee concerning the organisation, governance and 
funding of schools in South Africa reports that there exist a vast majority 
of schools in the rural areas that are extremely poorly resourced in terms 
of buildings, equipment, books and other learning resources, and in 
access to basic services such as electricity, running water and 
telecommunications (Hunter Report, 1995: 19). Biology is taught mainly 
by the "chalk and talk" strategy. Hence in many classrooms the teacher 
and the textbooks define the subject curriculum. But, most textbooks are 
poorly structured and often inaccurate or misleading. Furthermore, in 
attempting to cover large amounts of material, they are superficial and 
uninteresting, and fail to convey an understanding of biological principles 
(National Research Council, 1990:7). 
Inquiry teaching strategies are therefore rarely implemented in schools 
without laboratories and the threefold nature of biology is totally ignored. 
Provision of schools with biology laboratories with basic services will allow 
practical work (illustrative and investigative) to become an integral part of 
biology teaching. Investigative project work, provided other basic 
requirements e.g. equipment, chemicals etc., are available, will therefore 
"satisfy didactic principles such as activity, individualization, motivation, 
perception, socialization and totality" (Isaac, 1980:129). More important 
than satisfying didactive principles it would enable the teacher to teach in 
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ways to achieve or attempt to achieve the objectives of biology teaching 
especially those concerned with inquiry skills and attitudinal skills. 
(b) There should be a greater flexibility in the layout of the classroom 
and laboratory used for the teaching of biology. 
As pointed out in Chapter 4, investigative project work is a highly 
responsible form of practical investigation in the study of biology, selected 
and done by the pupil and guided by the teacher. This therefore makes 
it difficult to predict the actual investigations that would be done. During 
the course of the year, school biology laboratories therefore must be 
flexible enough to allow pupils to attempt different activities that may 
change from year to year. Stoneman (1974:284), recommends this 
flexibility. Furthermore, investigative project work may demand activities 
to be done as and when the need arises. This could pose a serious 
problem especially if the laboratory is being used by another 
teacher/class. In such instances classrooms can serve as venues for 
project work. Knowledgeable persons e.g. experienced science teachers 
and educational planners of physical plants should work with school 
architects to ensure that their suggestions concerning flexibility in the 
layout of the classroom and laboratory are taken into account. 
(c) School biology laboratories should be provided with basic 
equipment, chemicals and materials. 
Investigative project work will not be able to occupy its appropriate place 
in the teaching of biology until laboratories are provided with basic 
equipment, chemicals and materials. Without these essentials, the 
effective use of the laboratories in the teaching of biology will be limited. 
It will not contribute much to pupils' understanding of biology. Poor quality 
exposure to science is likely to occur and pupils learn to dislike science 
(National Research Council, 1990:7) and this "kills" future interest in 
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science. The use of basic equipment also has tremendous potential of 
introducing pupils to different skills e.g. "scientific observing", recording 
results, analysing results, drawing conclusions, making decisions, solving 
problems, etc. This in turn has transfer potential to daily life. Thus, the 
use of even basic equipment during investigative projects serve as "tools 
in the quest for new knowledge" (National Research Council, 1990:35). 
(d) Due attention should be given to the cost and practicality of 
laboratory equipment and supplies. 
A major effort should be initiated to identify "user friendly" equipment. 
The selection of equipment should be based on pupils' ability levels and 
their skills to handle the equipment. Expensive sophisticated equipment 
that can be manipulated best by the teacher defeats the purpose of 
investigative project work. Laboratory equipment must be easy enough 
for pupils to handle. Opportunities to measure, observe and enter in 
problem solving thus becomes possible. Pupils are provided with 
opportunities that enable them "to grapple with challenges to the beliefs 
about natural phenomena and to construct new conceptualizations" 
(National Research Council, 1990:37). 
With regard to cost, an effort should be made to shift from supplying 
expensive glassware apparatus to clear plastic apparatus whereever 
possible. Plastic apparatus are more durable especially if projects are 
done in the field. 
(e) There should be a greater variety rather than a large duplicity of 
basic equipment, chemicals and materials available to schools. 
Since pupils select their own projects to be investigated it is difficult of 
anticipate, with any great degree of certainty the actual problem that 
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pupils may wish to investigate. This would mean that unavailability of 
certain basic equipment would incur additional cost for the pupil/parent. 
Should pupils not be able to afford this, then project work cannot 
materialize. To cut down costs for pupils, schools should therefore be 
stacked with a greater variety of basic equipment, chemicals and 
materials. The difficulties posed by a small number of basic equipment 
especially when class numbers are large is appreciated. An attempt to 
overcome this difficulty and provide opportunities for the implementation 
of investigative project work can probably be overcome if schools in a 
cluster share equipment. This requires effective planning and in no 
uncertain terms adds to the "pressure" of the biology teacher. But its 
promising effects to provide life-long education ought to be seriously 
considered. Effective share netting will demand a policy to this effect by 
the authorities concerned. Further comments on this issue is beyond the 
scope of this study and warrants further research. 
(f) There should be a supply of good reference books and journals for 
teachers and pupils to use. 
Many teachers in the questionnaire felt that a shortage of reference books 
and journals on the content aspect of biology and on suggestions as to 
how to do investigative projects could adversely affect attempts of using 
investigative project work "to a great extent". Furthermore, most 
textbooks presently being used, besides being inaccurate and misleading, 
lack open-ended problems which pupils can attempt as investigative 
projects. Most textbooks are also not accompanied by Teachers' Guides 
which are essential to enable the teacher to find resources, additional 
i·nformation and alternative additional investigation. The supply of good 
reference books and journals selected by teachers, university and 
research biologists and science - education researchers will alleviate 
these obstacles. 
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However, it must be appreciated that provision for these books in large 
numbers to every school offering biology may not be possible immediately 
because of finances. It is therefore suggested that the library facilities at 
Education Development Centres (formerly known as Teachers' Centres) 
be well supplied with these books. One of the aims of Education 
Development Centres is to provide opportunities for youth to gain basic 
quality education and skills and qualification which leads to employment 
or self-employment (Motubatse, 1995:5). In the present set-up a possible 
interim solution to alleviate financial constraints is for educational 
authorities to approach the Publishers' Forum, which is an organization 
that represents all publishers in South Africa to specifically sponsor 
reference textbooks, journals and books pertaining to project work for use 
by teachers at Educational Development Centres. Presently publishers 
such as Juta, Nasou and Shuter and Shooter are establishing permanent 
displays of reference material at Durban Teachers' Centre which can be 
used by teachers and pupils. 
(g) The pre-service training of biology teachers must carry a strong 
emphasis on investigative project work as a teaching strategy. 
The preparation of future teachers for inquiry teaching strategies is in 
need of drastic reform. Existing biology courses are inadequate to meet 
current societal expectations. This problem will be exacerbated in the 
next decade, unless much stronger teacher preparation is initiated 
(National Research Council, 1990:57). Effective biology teaching 
therefore defies the traditional function of biology teachers and of other 
teachers as well. In other words the traditional function of the teacher 
having "first to learn and understand the subject matter, then to digest and 
prepare it in a form for teaching and then impart the subject to his pupils" 
(Stoneman, 197 4:282) is no longer expected and acceptable. Effective 
biology teaching according to the National Research Council (1990:57) 
requires "being able to do, as well as know". 
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Colleges of education or education facilities at universities must therefore 
ensure that future teachers not only understand biology, but have the 
skills to implement different inquiry teaching strategies to relate scientific 
concepts to all pupils of different ages, abilities, population groups, etc. 
Hence, the teaching of biology which must reflect the threefold nature of 
biology can be successful only if future teachers have a deep 
understanding of the nature of biology. 
The intimate link between aims and objectives of biology teaching, 
teaching strategies and the nature of biology which is illustrated in Figure 
6.1 must therefore be urgently addressed in both "theory" and in "practice" 
in present training. Every teacher who will one day have the responsibility 
of a secondary school biology class should have the experience of 
engaging in the preparation and teaching of the various inquiry teaching 
strategies under the direction of qualified, competent science lecturers 
and research scientists and science educators. An important change in 
the undergraduate pre-service curriculum will require the participation of 
university research scientists and science education researchers to create 
environments for learning that can engage future teachers in discussion 
with them concerning the threefold nature of biology especially the 
development of higher inquiry skills and the way of life of the scientist. 
Hence, future teachers can be exposed to first hand opportunities to teach 
for the entire range of objectives of biology teaching. 
Since investigative project work was shown in Chapter 2 (literature 
survey) and Chapter 6 Oudges' opinions) to aim at achieving or achieving 
a very wide range of the objectives of biology teaching it is suggested that 
pre-service education for biology teachers emphasize and implement the 
use of investigative project work as a teaching strategy during the training. 
Some important issues that need to be emphasized are: 
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(i) Characteristics of investigative project work. 
It is imperative to stress that investigative project work need not always 
be an experiment that has to be done in a laboratory e.g. the 
questionnaire technique to ascertain public opinion and make decisions 
on it can be an investigative project. In short, laboratories, laboratory 
equipment, chemicals etc. need not be seen as adverse factors for the 
use and implementation of investigative projects in all schools in KwaZulu-
Natal. 
(ii) Advantages and aims of investigative project work. 
(iii) Degree of teacher and pupil involvement in investigative project work. 
(iv) Strategies to create enthusiasm in fill pupils. 
(v) Avoidance of personality clashes between pupils and teachers. 
(vi) Support Services ("Outside agencies"): 
It is important to make teachers cognisant that they can form partnerships 
with support services to assist them to alleviate obstacles concerned with 
projects e.g. lack of laboratory, teacher competency, large classes, lack 
of resources, inability of pupils to stay in after school because they travel 
long distances, teachers, etc. 
(vii) Guidelines for the implementation and use of investigative project work for 
teachers and pupils. 
(viii) Financial implications of investigative project work for school, pupils, 
parents. 
(ix) Cost effectiveness and improvisation of apparatus. 
(x) Opportunities for pupils to participate in biological competition involving 
investigative projects. 
(xi) Assessment of investigative project work: 
This aspect is the most problematic one concerning investigative project 
work. Assessment procedures should not be based only on the final 
product. As seen from the teachers' opinions in Chapter 6, it is an 
important strategy for the achieving of important attitudinal skills that have 
transfer potential for daily life activities. Hence, it is crucial that 
assessment procedures assess these skills. Continuous assessment 
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seems to be an answer but further research is required to throw more light 
on this problematic area. 
(h) There should be regular in-service courses for teachers. 
The points made in connection with the preparation of pre-service 
teachers in (g) above are equally applicable to in-service teachers. 
However, these assumptions that in-service courses which will provide 
biology teachers more information about investigative project work will 
necessarily lead to better teaching in naive. In addition to presenting to 
teachers the "jargon" of investigative project work, in-service courses 
should be meticulous in developing an array of effective techniques that 
engage teachers in "experiencing" all facets involving investigative project 
work. Different ideas need to be tried and evaluated. The effects of 
teachers experiences should be recorded and reviewed by the "leaders" 
of the course and by the teachers themselves and this should be fedback 
into the in-service course program development. 
Change for teachers will depend on their own perception as well as 
pupils', parents' and community perception of improved results and 
performance of skills and inculcation of desirable attitudinal skills. 
Teachers therefore need time to assimilate the knowledge and 
suggestions proposed during in-service programs, to consider how the 
changes will affect teaching and learning in their classrooms and to 
consult with colleagues. Attention should therefore be given to the need 
for support after the in-service courses. 
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Recommendation 2 
Biology teachers in KwaZulu-Natal secondary schools must be actively 
encouraged and assisted to establish and "cement" partnerships between 
schools and "outside agencies" to implement investigative project work. 
Motivation 
Implications related to the preceding recommendation are long termed 
and require enormous funding and tremendous effort for materialization 
in the near future. While all efforts in these directions must be 
encouraged and supported it must be realized that present strategies 
used in the teaching of biology are most unsuccessful in preparing pupils 
of South Africa for the 21st century. Successful efforts to improve the 
classroom teaching of biology must therefore address the numerous 
interacting constraints that maintain the inadequate and unacceptable 
status quo. A citizenry that is scientifically literate so that the quality of life 
can be improved must by all means be striven for. To change the 
inadequate status quo in schools it is therefore imperative that shorter 
routes be sought to achieve or attempt to achieve the desired objectives 
of biology teaching. Partnerships with "outside agencies" is an attempt 
to overcome many of the factors adversely affecting the implementation 
of investigative project works in schools. 
Implications 
This recommendation has the following implications for the Department 
of Education and Culture, Province of KwaZulu-Natal: 
(a) There should be an audit of the services offered by the various 
non-government organisations and Education Development 
Centres, in the Province of KwaZulu-Natal. 
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Non-government organisations e.g. Natal Parks Board, Wild Life 
Society of South Africa, Umgeni Water Board, etc. have been and 
are presently offering support services to schools, teachers and 
pupils to attempt investigative project work in KwaZulu-Natal. 
.. 
However, this support has not been exploited by many of the 
biology teachers. It is imperative therefore that an audit be done 
to enable the compiling of a directory similar to the one compiled 
by Sharon Levy in her book, Projects Speaks for Themselves 
(1992). 
(b) Biology superintendents of Education should encourage and help 
establish the partnerships between biology teachers and "outside 
agencies". 
Biology superintendents of education have the expertise, authority 
and the required infrastructure to encourage and help teachers 
establish such partnerships. A directory of support services 
relevant for secondary school biology should be compiled by a 
provincialized audit committee, chaired by a superintendent of 
biology. This list should be provincialized as an appendix to the 
provincialized biology syllabii. 
Recommendation 3 
It is recommended that the provincialized biology syllabii be shortened. 
Motivation 
Biology teachers should be given greater flexibility with regard to the 
sections/topics to be completed. Investigative project work is a very 
demanding task to both teachers and pupils if a range of objectives of 
biology teaching is to be fulfilled. Presently, the preparation of the Senior 
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Certificate Examination is driving the subject curriculum. Although 
teachers are cognisant that very few aims of biology teaching are being 
achieved (Isaacs, 1990:338) they see it as a moral obligation on their part 
to "cover" all the sections/topics prescribed in the syllabii to enable their 
pupils to get the best possible results and thus increase their opportunities 
to get into tertiary institutions or to compete successfully in the job market. 
While these are desirable outcomes it must be emphasized that pupils are 
not being equipped to meet the challenges of the 21st century. 
Implication 
This recommendation has the following implication for the Department of 
Education and Culture, Province of KwaZulu-Natal. 
(a) All sections/topics should not be compulsory. Optional topics 
should be introduced. 
Since investigative project work is time consuming, teachers in 
collaboration with pupils should decide on the topics to be studied 
as long as the teacher attempts to achieve the entire range of 
objectives in the course of the year. This need not impact on 
assessment. It will be possible for the teacher to assess topic/s 
that he/she has done during the course of the year. In this way, 
biology can become part of the pupils' world. 
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7.4 CONCLUSION 
The fact that there is no attempt to achieve a large range of the objectives 
of biology teaching in secondary schools in KwaZulu-Natal, is not 
.. 
surprising since most classroom teaching involves expository teaching 
strategies. Accordingly, the primary aim of biology teaching i.e. the use 
of the body of information of biology to develop inquiry skills and attitudes 
and values to prepare pupils to play an active and enlightened role in the 
democratic South Africa, is presently not being achieved. Biology is 
disliked by a large percentage of the 97% of the pupils in KwaZulu-Natal 
who choose it as a subject. It is seen as being "boring", "cold", "remote" 
and "irrelevant" to their lives. 
A closer look at suggested reforms in biology education suggests that 
more teaching time ought to be spent using inquiry teaching strategies. 
However, repeated calls for this reform has not produced significant 
change. The numerous constraints in the present education system could 
probably account for this unsatisfactory set-up. While the materialization 
of the South African government's RDP of 1994 appears promising, it 
must not be seen as a solution in itself to improving biology classroom 
teaching. It is imperative that teachers in the present education set-up 
receive tremendous support from all stakeholders in education especially 
superintendents of education, teachers and "outside agencies" to enable 
them (the teachers) to become reflective and responsive. This is required 
to empower teachers to become autonomous to structure the learning 
environment of the pupils as circumstances dictate and the logical starting 
place for this initiative is the present education set-up. Well planned, 
attractive in-service courses that would attract teachers to participate in 
courses need to be scheduled. The existing pre-service biology courses 
also need to change. 
The implementation of investigative project work in collaboration with 
294 
teachers, superintendents of education and "outside agencies" seems at 
present a shorter route to follow than awaiting for the materialization of 
the government's RDP of 1994 in its entirety to enable teachers to attempt 
to achieve the aims and objectives of biology teaching. There is no doubt, 
especially, in the minds of the pupils of KwaZulu-Natal who attempted 
investigative projects that the most effective way of making biology a part 
of their lives is by attempting a investigative project of their choice. 
The choice then exists - to reject this teaching strategy because of the 
numerous constraints or to in-corporate it into existing teaching strategies 
despite the difficulties so that teachers can accept the challenge posed by 
Education Minister, Bengu in the White Paper (1995:5) that is "to create 
a system which cultivates and liberates the talents of all our people 
without exception". 
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Dr Morgan Naidoo 
Education and Culture Service 
Private Bag X54323 
DURBAN 
4000 
Dear Sir 
APPENDIXA1 
Springfield College of Education 
Private Bag 
DORMERTON 
4015 
21 April 1995 
REQUEST TO CIRCULATE QUESTIONNAIRES TO TEACHERS AND TO 
ASCERTAIN NO. OF BIOLOGY TEACHERS 
I am currently registered for a M. Ed. degree through the University of South Africa. The 
title of my proposed thesis is Project Work as a teaching strategy in Biology in 
secondary schools. 
As part of my research I need to circulate questionnaires to teachers in KwaZulu-Natal. 
I also need to ascertain the number of Biology teachers in this area. 
The questionnaires will be analysed to determine the didactic value of project work and 
factors that could adversely affect attempts at using investigative project work as a 
teaching strategy in biology in secondary schools. The outcome of the investigation 
should provide valuable information which may have a bearing on the improvement of 
biology teaching in our schools. 
Permission is hereby requested to carry out the field work described above. A copy of 
the questionnaire is enclosed. 
Yours faithfully 
K G SAMUELS (MRS) 
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APPENDIXA2 
LETTER TO RECTORS/HEADS OF DEPARTMENTS AT TERTIARY 
INSTITUTIONS 
1995 
The Rector 
Dear Prof /Dr/Mr ................................................................ . 
QUESTIONNAIRES TO FOE BIOLOGY STUDENTS 
I am conducting an investigation entitled Project work as a teaching strategy in Biology 
in secondary schools. Completion and return of the enclosed questionnaires is of vital 
importance to the study. 
It will therefore be greatly appreciated if would kindly arrange for the completion of the 
.............. (no. of questionnaires) by final year students studying toward a diploma 
The completed Questionnaires will be collected personally/ Please post the 
questionnaires in the stamped self-addresed envelope enclosed. 
Permission has been obtained for the circulation and completion of this questionnaire. 
Thank you for your co-operation. 
Yours faithfully 
KG SAMUELS (MRS) 
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APPENDIX 81 
LETTER TO SCHOOL PRINCIPALS 
1995 
The Principal 
Dear Sir/Madam 
QUESTIONNAIRES FOR COMPLETION BY TEACHERS OF BIOLOGY 
I am conducting an investigation entitled Project work as a teaching strategy in Biology 
in secondary schools. The investigation entails, inter alia, the completion of a 
questionnaire by teachers of biology. The outcome of the investigation should provide 
valuable information which may have a bearing on the improvement of biology teaching 
in our schools. 
It would be highly appreciated if you would kindly hand the enclosed questionnaire to 
the teachers teaching biology classes at your school and request that he/she returns the 
completed questionnaire in the stamped, self-addressed envelope enclosed as soon as 
possible. 
Please note that approval has been obtained for the circulation of this questionnaire and 
for its completion by biology teachers. 
Thank you for your co-operation. 
Yours faithfully 
K G SAMUELS (MRS) 
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APPENDIX 82 
LETTER TO BIOLOGY TEACHERS 
1995 
Dear Biology Teacher 
I am conducting an investigation entitled Project work as a teaching Strategy in Biology 
in secondary schools. The outcome of the investigation should provide valuable 
information which may have a bearing on the improvement of biology teaching in our 
schools. The information asked for in the attached questionnaire is of vital importance 
to the study and is urgently required. Under the circumstances I hope that you will 
pardon this intrusion into what must be an extremely busy period of the school year and 
take a few minutes to complete and return the questionnaire as soon as possible. 
No individual teacher or school will be identified in the study. It is not necessary, 
therefore, to write your name on the questionnaire. The name of your school is required 
for classification purposes and to acknowledge the schools that have participated in the 
study. 
Please note that the approval has been obtained for the circulation of this questionnaire 
and for its completion by biology teachers. 
Please return the completed questionnaire in the stamped, self-addressed envelope 
enclosed. 
Yours faithfully 
KG SAMUELS 
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APPENDIX 83 
QUESTIONNAIRE TO TEACHERS 
Please read the following general instructions before you start answering the 
questionnaire. 
GENERAL INSTRUCTIONS 
1. Wherever there is a circle e.g. 0, merely put a tick in the circle next to the 
appropriate answer thus 0. 
2. Lines, e.g. ____ , are for you to fill in the relevant information required. 
3. If there is insufficient space to answer any question kindly use the back of the 
facing page. 
4. Please try to complete the questionnaires independently of your colleagues. 
5. For the purpose of this inquiry the term Investigative Project Work refers to an 
inquiry method of teaching that excludes collections (such as collections of 
insects) and constructions (such as a model of the heart). 
It is characterized by the following: 
* 
* 
* 
* 
* 
* 
a highly responsible form of practical investigation in the study of Biology, 
done by the pupil and guided by the teacher: 
pupil posed with a problem and thereafter involvement in the complete 
inquiry process - assuming, observing, inferring, hypothesizing, designing 
of observation, designing of experiments, identifying and controlling 
experimental variables, testing of hypothesis, recording of data 
(statements, tables, graphs), analysing of data (statements, tables, 
graphs}, determining accuracy of data, identification of limitations and 
assumptions, drawing conclusion/s, and making recommendations: 
devoid of authoritarian answers to Biology questions and answers are 
generally not found in other people's work: 
there may be no answer or solution at all in the end; 
formulating of new questions; 
importance for/ ... 
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* importance for pupil to identify and accept failure; 
* frequent pupil-to-teacher interaction; 
* frequent pupil-to-pupil interaction; 
* frequent pupil-initiated discussions. 
6. The names of individual teachers and/or schools will not be published. 
The name of your school is required for classification purposes only. 
7. Please ensure that your completed questionnaire is returned at your earliest 
convenience, in the stamped, self-addressed envelope provided. 
8. If you have any queries, please do not hesitate to contact me by telephoning 
(031) 284753/2627161. 
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SECTION A : GENERAL INFORMATION 
NOTE: THIS INFORMATION IS REQUIRED FOR CLASSIFICATION PURPOSES 
ONLY 
THE NAMES OF INDIVIDUAL TEACHERS AND/OR SCHOOLS WILL NOT BE 
PUBLISHED 
NAME OF YOUR SCHOOL: 
LOCATION OF YOUR SCHOOL: 
YOUR SEX: 
YOUR PROFESSIONAL STATUS: (E.G. LEVEL 1; H.0.D., DEPUTY PRINCIPAL): 
YOUR QUALIFICATIONS: 
DEGREE(S): . . . . . . .. . . . ... . .. .. . .. ....... ........ DIPLOMA(S): .............................. . 
YOUR HIGHEST QUALIFICATION TO TEACH BIOLOGY: 
YOUR TEACHING EXPERIENCE: 
EXPERIENCE IN TEACHING BIOLOGY ................ YEARS 
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SECTION B: THE AIMS AND OBJECTIVES OF BIOLOGY TEACHING 
AND THE INVESTIGATIVE PROJECT METHOD 
1. To what extent are you familiar with the topic The Nature of Biology? 
(Please tick one of the responses below) 
To a great extent 0 To a small extent 0 Notatall 0 
2. To what extent are you familiar with the Aims and Objectives of Biology 
Teaching? 
(Please tick one of the responses below) 
To a great extent 0 To a small extent 0 Notatall 0 
3. The items numbered 1-33 below are a list of objectives of biology teaching taken 
from literature. Please feel free to add to the list (in the spaces provided at the 
end of the list) if one or more objectives you think are important have been 
omitted. Next to each objective indicate, in the appropriate column, the extent 
to which investigative project work in the teaching of biology in secondary 
schools could be successful in achieving these objectives by writing down either 
1, 2, 3 or 4 according to the following key: 
1 - to a very great extent 
2 - to a great extent 
3 - to a small extent 
4 - not at all 
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DEGREE OF SUCCESS 
OF INVESTIGATIVE 
PROJECT WORK 
LIST OF OBJECTIVES 
1. ability to recall information (terms, 
structures, functions, classification, 
properties, life cycles, processes, names 
of apparatus, chemicals, specimens, 
laboratory procedures, precautions, etc.) 
2. ability to show relationship between 
form and function, between organisms 
and their environment, amongst 
organisms and between processes 
3. ability to demonstrate knowledge and 
understanding of the personal, social, 
economic and technological applications 
of bioloav 
4. ability to explain the major themes of 
biology e.g. evolution, homeostasis, 
continuity of life and enerqy flow 
5. ability to identify problems 
6. ability to formulate hypotheses 
7. ability to design experiments or 
investiQations to test hypotheses 
8. ability to perform basic laboratory skills 
such as slide preparation and use of the 
microscope 
9. ability to select and use the correct 
apparatus to carry out 
investiQations/experiments 
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DEGREE OF SUCCESS 
OF INVESTIGATIVE 
PROJECT WORK 
LIST OF OBJECTIVES 
10. ability to make observations a11d record 
these in the form of drawings, 
diagrams, tables, graphs and 
paragraphs 
11. ability to obtain information from reliable 
sources such as texts, journals etc. 
12. ability to select and organise 
information relevant to a particular 
theme, topic or problem 
13. ability to make accurate calculations 
14. ability to solve numerical problems 
15. ability to generalise, summarise, draw 
conclusions, make deductions, form 
inferences, evaluate non-numerical and 
non-graphical information and make 
decisions based on it 
16. ability to generalise, summarise, draw 
conclusions, make deductions, form 
inferences, evaluate numerical and 
graphical information and make 
decisions based on it 
17. ability to determine limitations in the 
design of the experiments/investigations 
and in the information presented (e.g. 
due to faulty reasoning, lack of proper 
controls, confusion between facts, 
assumptions, opinion and valid 
conclusions) 
18. ability to demand evidence in support 
of claims 
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DEGREE OF SUCCESS 
OF INVESTIGATIVE 
PROJECT WORK 
LIST OF OBJECTIVES 
19. ability to communicate ideas orally and 
in writing 
20. ability to distinguish the process of 
scientific inquiry from magic, super-
stition and witchcraft 
21. ability to carry out biological 
activities enthusiastically 
22. ability to persist and pursue work to 
its successful conclusion 
23. ability to represent all observations 
honestly and objectively 
24. ability to exercise an open mind with a 
willingness to reverse judgements in 
the liaht of new evidence 
25. ability to suspend judgement until 
reliable evidence can be found 
26. ability to show respect and tolerance 
for the point of view of others 
27. ability to work willingly in co-operation 
with others 
28. ability to show initiative, resourceful-
ness, creativity and imagination in the 
approach to solving problems 
29. ability to show respect and sensitivity 
in the handling of all forms of life 
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DEGREE OF SUCCESS 
OF INVESTIGATIVE 
PROJECT WORK 
LIST OF OBJECTIVES 
.. 
30. ability to develop curiosity and 
interest in, and enjoyment of, living 
things 
31. ability to exercise responsibility in the 
handling of chemicals, specimens and 
apparatus (i.e. uses materials\sparingly, 
exercises necessary care and safety 
precautions, considers the safety of 
others, avoids damage to equipment) 
32. ability to keep work place neat and tidy 
33. ability to show appreciation for the 
importance of investigatory work in the 
study of bioloov 
4. How often do you give your pupils simple open ended investigations or investigative 
project work to carry out? 
(Please tick one of the responses below) 
once a year C more than once a year C not at all C 
5. Indicate, by ticking in the appropriate block the extent to which the listed factors 
could adversely affect attempts at using investigative project work as a teaching 
strategy in biology in secondary schools. 
Please feel free to add to the list (in the spaces provided at the end of the list) if one 
or more objectives you think are important have been omitted. 
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EXTENT TO WHICH THE FACTORS 
AFFECTS INVESTIGATIVE PROJECT 
WORK 
To a great To a small Not at all 
extent extent 
1. additional "demands" on teacher 
2. lack of laboratory facilities and 
equipment 
3. large classes 
4. mixed ability classes 
5. slow syllabus coverage 
6. inflexible syllabus 
7. the need to produce good 
examination results 
8. hiqh cost of project 
' 
9. inadequate resource material 
10. inability of pupils to stay in after 
school hours because they travel 
Iona distances 
(Space for additional factor) 
Add any factor that you think have 
been omitted and treat these in the 
same manner as the other 1 O 
11. 
12. 
13. 
14. 
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6. For whom is investigative project work most important? 
(please tick one of the responses} 
1. for those pupils who are going to study in science 
related fields at tertiary institutions e.g. medicine, 
science teaching, engineering '"O 
2. for those pupils who are going to study in fields other 
than science at tertiary institutions e.g. law, commerce 0 
3. for those pupils who are not going to study at 
tertiary institutions 0 
SECTION C: ADDITIONAL COMMENTS 
Thank you 
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PROVINCE OF 
KWAZULU-NATAL 
APPENDIX C 
ISIFUNDAZWE 
SAKWAZULU - NATAL 
DEPARTMENT OF EDUCATION 
AND CULTURE 
UMNY ANGO WEMFUNOO 
NAMASIKO 
ADDRESS: 
IKHELI: 
ADRES: 
TRURO IOJSE 
17 VICTORIA 
EHJANKl£NT 
ESPl.ANAJJE 
DURBAN 
EM)JIRIES: 
IHIBUZO: Mr s. Pillay 
NAVRAE: 
Mrs K.G. Samuels 
7 Tulip Place 
Asherville 
DURBAN 
4091 
Madam 
PRIVATE BAJ;: 
ISIKffWIA SEPOSI: 
PRIVAATSAK: 
REFEREJCE: 
XS4323 
DURBAN 
4000 
INIXHJA: Al0/29/2/23 
VERWYSING: 
EC 1 
PROVINS IE 
KWAZULU-NATAL 
DEPARTEMENT VAN 
ONDERWYS EN KULTUUR 
TEl..EPIOE: (031) 3606917 
UCIIOJ: 
TEL£F<Di: 
FAX: (031) 374261 
DATE: 
USUKU: i .. 
/JATLH: ..... ..; .... ·-· ' l . ' .. ' -, ... ,
REQUEST FOR PERMISSION TO CONDUCT RESEARCH IN A SAMPLE OF KWAZULU-
NATAL SECONDARY SCHOOLS 
Your letters dated 21 April 1995; 19 May 1995 and 1 June 1995 have 
reference. 
1. Permission is hereby granted to you to conduct research at the 
above secondary schools provided that: 
1.1 prior arrangements are made with the principals concerned; 
1.2 participation in the research by educators is on a 
voluntary basis; 
1. 3 the questionnaire is administered during the educators' 
non-teaching time and 
1.4 all information gleaned is treated confidentially and used 
for academic purposes only. 
2. Kindly produce a copy of this letter when visiting the schools. 
3. The Department wishes you every success in your research and 
looks forward to receiving a copy of the findings. 
~ ~/. S ENT-GENERAL 
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APPENDIX 01 
LETTER TO JUDGES OF NATAL EXPO FOR YOUNG SCIENTISTS 
May 1995 
Dear Judge 
I am conducting an investigation entitled Project work as a teaching Strategy in Biology 
in secondary schools. The outcome of the investigation should provide valuable 
information which may have a bearing on the improvement of biology teaching in our 
schools. Your co-operation in completing the questionnaire is of vital importance to the 
study. 
No individual judge will be identified in the study. It is not necessary, therefore, to write 
your name on the questionnaire. 
Please return the completed questionnaire in the stamped, self-addressed envelope 
enclosed. 
Yours faithfully 
KG SAMUELS 
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APPENDIX 02 
SECTION A : GENERAL INFORMATION 
NOTE: THIS INFORMATION IS REQUIRED FOR CLASSIFICATION PURPOSES 
ONLY 
THE NAMES OF INDIVIDUAL TEACHERS AND/OR SCHOOLS WILL NOT BE 
PUBLISHED 
1. NAME OF YOUR INSTITUTION: 
YOUR SEX: 
YOUR PROFESSIONAL STATUS: (E.G. LEVEL 1; H.0.0., DEPUTY PRINCIPAL): 
YOUR QUALIFICATIONS: 
DEGREE(S): . . . . . . . . . . .. . . . . . . .. ......... ........ DIPLOMA(S): .............................. . 
YOUR HIGHEST QUALIFICATION TO TEACH BIOLOGY: 
YOUR TEACHING EXPERIENCE: 
EXPERIENCE IN TEACHING BIOLOGY ................ YEARS 
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APPENDIX 03 
SECTION B: THE AIMS AND OBJECTIVES OF BIOLOGY TEACHING 
AND THE INVESTIGATIVE PROJECT METHOD 
1. The items numbered 1-33 below are a list of objectives of biology teaching taken 
from literature. Please feel free to add to the list (in the spaces provided at the end 
of the list) if one or more objectives you think are important have been omitted. 
Next to each objective indicate, in the appropriate column, the extent to which 
investigative project work in the teaching of biology in secondary schools could be 
successful in achieving these objectives by writing down either 1, 2, 3 or 4 according 
to the following key: 
1 - to a very great extent 
2 - to a great extent 
3 - to a small extent 
4 - not at all 
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DEGREE OF SUCCESS 
OF INVESTIGATIVE 
PROJECT WORK 
LIST OF OBJECTIVES 
1. ability to recall information (terms, 
structures, functions, classification, 
properties, life cycles, processes, names 
of apparatus, chemicals, specimens, 
laboratory procedures, precautions, etc.) 
2. ability to show relationship between 
form and function, between organisms 
and their environment, amongst 
oroanisms and between processes 
3. ability to demonstrate knowledge and 
understanding of the personal, social, 
economic and technological applications 
of bioloav 
4. ability to explain the major themes of 
biology e.g. evolution, homeostasis, 
continuity of life and energy flow 
5. ability to identify problems 
6. ability to formulate hypotheses 
7. ability to design experiments or 
investigations to test hypotheses 
8. ability to perform basic laboratory skills 
such as slide preparation and use of the 
microscope 
9. ability to select and use the correct 
apparatus to carry out 
investigations/experiments 
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DEGREE OF SUCCESS 
OF INVESTIGATIVE 
PROJECT WORK 
LIST OF OBJECTIVES 
.. 
10. ability to make observations and 
record these in the form of drawings, 
diagrams, tables, graphs and 
paragraphs 
11. ability to obtain information from 
reliable sources such as texts, 
journals etc. 
12. ability to select and organise 
information relevant to a particular 
theme, topic or problem 
13. ability to make accurate calculations 
14. ability to solve numerical problems 
15. ability to generalise, summarise, draw 
conclusions, make deductions, form 
inferences, evaluate non-numerical 
and non-graphical information and 
make decisions based on it 
16. ability to generalise, summarise, draw 
conclusions, make deductions, form 
inferences, evaluate numerical and 
graphical information and make 
decisions based on it 
17. ability to determine limitations in the 
design of the 
experiments/investigations and in the 
information presented (e.g. due to 
faulty reasoning, lack of proper 
controls, confusion between facts, 
assumptions, opinion and valid 
conclusions) 
18. ability to demand evidence in support 
of claims 
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DEGREE OF SUCCESS 
OF INVESTIGATIVE 
PROJECT WORK 
LIST OF OBJECTIVES 
19. ability to communicate ideas orally and 
in writino 
20. ability to distinguish the process of 
scientific inquiry from magic, super-
stition and witchcraft 
21. ability to carry out biological 
activities enthusiastically 
22. ability to persist and pursue work to 
its successful conclusion 
23. ability to represent all observations 
honestly and objectively 
24. ability to exercise an open mind with a 
willingness to reverse judgements in 
the light of new evidence 
25. ability to suspend judgement until 
reliable evidence can be found 
26. ability to show respect and tolerance 
for the point of view of others 
27. ability to work willingly in co-operation 
with others 
28. ability to show initiative, resourceful-
ness, creativity and imagination in the 
approach to solving problems 
29. ability to show respect and sensitivity 
in the handling of all forms of life 
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DEGREE OF SUCCESS 
OF INVESTIGATIVE 
PROJECT WORK 
"TO AT LEAST A GREAT 
LIST OF OBJECTIVES .. EXTENT" 
30. ability to develop curiosity and 
interest in, and enjoyment of, living 
thinos 
31. ability to exercise responsibility in the 
handling of chemicals, specimens and 
apparatus (i.e. uses materials\sparingly, 
exercises necessary care and safety 
precautions, considers the safety of 
others, avoids damage to equipment) 
32. ability to keep work place neat and tidy 
33. ability to show appreciation for the 
importance of investigatory work in the 
study of biology 
SECTION C: ADDITIONAL COMMENTS 
Thank you 
